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฀I฀n ฀t฀h฀i฀s ฀p฀a฀p฀e฀r ฀w฀e ฀p฀r฀e฀s฀e฀n฀t ฀a ฀n฀o฀v฀e฀l ฀a฀p฀p฀r฀o฀a฀c฀h ฀t฀o ฀t฀h฀e฀ ฀ ฀ ฀ ฀ ฀  ฀ ฀ ฀ 
฀o฀p฀t฀i฀m฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀c฀o฀m฀p฀l฀e฀x ฀s฀y฀s฀t฀e฀m฀s ฀a฀f฀f฀e฀c฀t฀e฀d ฀b฀y ฀e฀p฀i฀s฀t฀e฀m฀i฀c฀ ฀    ฀ ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀w฀h฀e฀n ฀s฀y฀s฀t฀e฀m ฀a฀n฀d ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀e฀v฀o฀l฀v฀e฀  ฀ ฀ ฀ ฀ 
฀d฀y฀n฀a฀m฀i฀c฀a฀l฀l฀y ฀w฀i฀t฀h ฀t฀i฀m฀e฀; ฀w฀e ฀p฀r฀o฀p฀o฀s฀e ฀a ฀n฀e฀w ฀m฀o฀d฀e฀l฀l฀i฀n฀g ฀  ฀ ฀ ฀ ฀ ฀ 
฀a฀p฀p฀r฀o฀a฀c฀h ฀t฀h฀a฀t ฀u฀s฀e฀s ฀E฀v฀i฀d฀e฀n฀c฀e ฀T฀h฀e฀o฀r฀y ฀t฀o ฀c฀a฀p฀t฀u฀r฀e ฀ ฀ ฀ ฀ ฀  
฀e฀p฀i฀s฀t฀e฀m฀i฀c฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ 
฀A ฀s฀y฀s฀t฀e฀m ฀i฀s ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d ฀w฀h฀i฀c฀h ฀i฀s ฀a฀f฀f฀e฀c฀t฀e฀d ฀b฀y ฀t฀h฀e ฀t฀i฀m฀e฀ ฀  ฀ ฀   ฀  ฀ 
฀d฀u฀r฀i฀n฀g ฀t฀h฀e ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀a฀l ฀l฀i฀f฀e ฀(฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e฀, ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e ฀ ฀ ฀  ฀ ฀ 
฀d฀e฀g฀r฀a฀d฀a฀t฀i฀o฀n฀, ฀f฀u฀n฀c฀t฀i฀o฀n ฀d฀e฀g฀r฀a฀d฀a฀t฀i฀o฀n฀, ฀e฀t฀c฀.฀)฀. ฀T฀h฀e ฀g฀o฀a฀l ฀i฀s ฀t฀o ฀ ฀ ฀   ฀  
฀o฀b฀t฀a฀i฀n ฀a ฀r฀e฀s฀i฀l฀i฀e฀n฀t ฀d฀e฀s฀i฀g฀n฀: ฀r฀o฀b฀u฀s฀t ฀w฀i฀t฀h ฀r฀e฀s฀p฀e฀c฀t ฀t฀o ฀ ฀ ฀    ฀ 
฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e ฀v฀a฀r฀i฀a฀b฀i฀l฀i฀t฀y ฀a฀n฀d ฀r฀e฀l฀i฀a฀b฀l฀e ฀a฀g฀a฀i฀n฀s฀t ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀ ฀  ฀ ฀ 
฀p฀a฀r฀t฀i฀a฀l฀ ฀f฀a฀i฀l฀u฀r฀e฀s฀ ฀o฀f฀ ฀o฀n฀e฀ ฀o฀r฀ ฀m฀o฀r฀e฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀.฀ 
฀W฀e ฀p฀r฀o฀p฀o฀s฀e ฀t฀o ฀e฀n฀h฀a฀n฀c฀e ฀t฀h฀e ฀E฀v฀i฀d฀e฀n฀c฀e ฀N฀e฀t฀w฀o฀r฀k ฀M฀o฀d฀e฀l฀  ฀  ฀ ฀  ฀ 
฀(฀E฀N฀M฀) ฀w฀i฀t฀h ฀t฀i฀m฀e฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀a฀n฀d฀ ฀ ฀    
฀d฀e฀c฀o฀m฀p฀o฀s฀e ฀t฀h฀e ฀p฀r฀o฀b฀l฀e฀m ฀i฀n฀t฀o ฀s฀u฀b฀p฀r฀o฀b฀l฀e฀m฀s ฀o฀f ฀s฀m฀a฀l฀l฀e฀r฀ ฀ ฀   ฀ ฀ 
฀c฀o฀m฀p฀l฀e฀x฀i฀t฀y฀. ฀T฀h฀r฀o฀u฀g฀h ฀t฀h฀i฀s ฀d฀e฀c฀o฀m฀p฀o฀s฀i฀t฀i฀o฀n ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ ฀  ฀  
฀q฀u฀a฀n฀t฀i฀f฀i฀c฀a฀t฀i฀o฀n ฀o฀f ฀c฀o฀m฀p฀l฀e฀x ฀s฀y฀s฀t฀e฀m฀s ฀b฀e฀c฀o฀m฀e฀s ฀a฀f฀f฀o฀r฀d฀a฀b฀l฀e฀ ฀ ฀ ฀ ฀ ฀ 
฀f฀o฀r฀ ฀a฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀r฀e฀a฀l฀-฀w฀o฀r฀l฀d฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀.฀ 
฀T฀h฀e ฀m฀e฀t฀h฀o฀d ฀i฀s ฀h฀e฀r฀e ฀a฀p฀p฀l฀i฀e฀d ฀t฀o ฀a ฀s฀i฀m฀p฀l฀e ฀r฀e฀s฀o฀u฀r฀c฀e   ฀  ฀ ฀  ฀ 
฀a฀l฀l฀o฀c฀a฀t฀i฀o฀n ฀p฀r฀o฀b฀l฀e฀m ฀w฀h฀e฀r฀e ฀t฀h฀e ฀g฀o฀a฀l ฀i฀s ฀t฀o ฀o฀p฀t฀i฀m฀a฀l฀l฀y฀ ฀  ฀  ฀ ฀ ฀ 
฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀i฀t฀h฀i฀n฀ ฀a฀ ฀s฀p฀a฀c฀e฀c฀r฀a฀f฀t฀ ฀[฀1฀]฀.฀ 
฀ 
 ,1752'8&7,21
฀O฀n฀-฀o฀r฀b฀i฀t ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m฀s ฀a฀r฀e ฀s฀u฀b฀j฀e฀c฀t฀e฀d ฀t฀o ฀a ฀h฀o฀s฀t฀i฀l฀e฀ ฀  ฀   ฀ ฀ 
฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t ฀w฀h฀e฀r฀e ฀m฀a฀i฀n฀t฀e฀n฀a฀n฀c฀e ฀i฀s ฀i฀m฀p฀o฀s฀s฀i฀b฀l฀e ฀o฀r ฀v฀e฀r฀y  ฀   ฀ ฀ 
฀l฀i฀m฀i฀t฀e฀d฀. ฀T฀h฀e฀r฀e฀f฀o฀r฀e฀, ฀l฀i฀f฀e฀t฀i฀m฀e ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀i฀s ฀a฀n ฀i฀n฀e฀v฀i฀t฀a฀b฀l฀e฀  ฀ ฀ ฀  ฀ 
฀f฀a฀c฀t฀o฀r ฀t฀o ฀c฀o฀n฀s฀i฀d฀e฀r ฀d฀u฀r฀i฀n฀g ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m ฀d฀e฀s฀i฀g฀n฀. ฀L฀o฀n฀g฀e฀r ฀ ฀     ฀ 
฀s฀e฀r฀v฀i฀c฀e ฀l฀i฀f฀e฀t฀i฀m฀e ฀o฀r ฀h฀i฀g฀h฀e฀r ฀c฀o฀n฀f฀i฀d฀e฀n฀c฀e ฀i฀n ฀l฀i฀f฀e฀t฀i฀m฀e ฀l฀e฀n฀g฀t฀h฀  ฀ ฀  ฀ ฀ ฀ 
฀i฀s ฀c฀o฀m฀m฀o฀n฀l฀y ฀r฀e฀a฀c฀h฀e฀d ฀b฀y ฀i฀n฀t฀r฀o฀d฀u฀c฀i฀n฀g ฀r฀e฀d฀u฀n฀d฀a฀n฀c฀y ฀i฀n฀t฀o฀ ฀ ฀ ฀  ฀ ฀ 
฀t฀h฀e ฀s฀y฀s฀t฀e฀m ฀e฀m฀p฀l฀o฀y฀i฀n฀g ฀s฀a฀f฀e฀t฀y ฀m฀a฀r฀g฀i฀n฀s ฀a฀n฀d ฀s฀a฀f฀e฀t฀y ฀f฀a฀c฀t฀o฀r฀s฀.  ฀ ฀   ฀  
฀T฀h฀i฀s ฀t฀r฀a฀d฀i฀t฀i฀o฀n฀a฀l ฀m฀e฀t฀h฀o฀d ฀t฀y฀p฀i฀c฀a฀l฀l฀y ฀m฀i฀s฀s฀e฀s ฀t฀h฀e ฀p฀r฀o฀p฀e฀r฀ ฀ ฀ ฀ ฀ ฀  
฀e฀s฀t฀i฀m฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀i฀e฀s ฀w฀h฀i฀c฀h ฀c฀a฀n ฀l฀e฀a฀d ฀t฀o ฀a฀n฀ ฀ ฀  ฀ ฀    
฀u฀n฀n฀e฀c฀e฀s฀s฀a฀r฀y ฀h฀i฀g฀h ฀n฀u฀m฀b฀e฀r ฀o฀f ฀r฀e฀d฀u฀n฀d฀a฀n฀t ฀s฀y฀s฀t฀e฀m฀s ฀a฀n฀d ฀a฀n ฀      ฀ 
฀i฀n฀c฀r฀e฀a฀s฀e ฀o฀f ฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t ฀e฀x฀p฀e฀n฀s฀e฀s฀. ฀T฀o ฀r฀e฀d฀u฀c฀e ฀t฀h฀e฀  ฀ ฀ ฀  ฀ 
฀u฀n฀n฀e฀c฀e฀s฀s฀a฀r฀y ฀c฀o฀s฀t฀s ฀o฀f ฀t฀h฀e ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m ฀w฀e฀l฀l฀-฀d฀e฀s฀i฀g฀n฀a฀t฀e฀d ฀  ฀ ฀ ฀ ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀q฀u฀a฀n฀t฀i฀f฀i฀c฀a฀t฀i฀o฀n ฀m฀e฀t฀h฀o฀d ฀m฀u฀s฀t ฀b฀e ฀e฀m฀p฀l฀o฀y฀e฀d฀. ฀A฀ ฀ ฀   ฀  
฀c฀o฀m฀p฀r฀e฀h฀e฀n฀s฀i฀v฀e ฀r฀e฀v฀i฀e฀w ฀o฀f ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀-฀b฀a฀s฀e฀d ฀d฀e฀s฀i฀g฀n฀    ฀ 
฀t฀e฀c฀h฀n฀i฀q฀u฀e฀s ฀f฀o฀r ฀a฀e฀r฀o฀s฀p฀a฀c฀e ฀e฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g ฀c฀a฀n ฀b฀e ฀f฀o฀u฀n฀d ฀i฀n฀ ฀ ฀  ฀    
฀[฀2฀]฀. ฀T฀h฀e฀s฀e ฀t฀e฀c฀h฀n฀i฀q฀u฀e฀s ฀a฀r฀e ฀h฀i฀g฀h฀l฀y ฀r฀e฀l฀e฀v฀a฀n฀t ฀f฀o฀r ฀s฀p฀a฀c฀e฀  ฀ ฀ ฀ ฀  ฀ 
฀s฀y฀s฀t฀e฀m ฀d฀e฀s฀i฀g฀n ฀a฀s ฀w฀e฀l฀l฀. ฀T฀h฀e ฀r฀e฀v฀i฀e฀w ฀d฀i฀s฀c฀u฀s฀s฀e฀s ฀t฀h฀e ฀m฀o฀s฀t฀ ฀ ฀  ฀   ฀  
฀p฀o฀p฀u฀l฀a฀r ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀m฀o฀d฀e฀l฀l฀i฀n฀g ฀a฀p฀p฀r฀o฀a฀c฀h฀e฀s ฀i฀n฀c฀l฀u฀d฀i฀n฀g฀  ฀ ฀  
฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y ฀t฀h฀e฀o฀r฀y฀, ฀e฀v฀i฀d฀e฀n฀c฀e ฀t฀h฀e฀o฀r฀y฀, ฀p฀o฀s฀s฀i฀b฀i฀l฀i฀t฀y ฀t฀h฀e฀o฀r฀y฀,฀    ฀ ฀ 
฀i฀n฀t฀e฀r฀v฀a฀l ฀a฀n฀a฀l฀y฀s฀i฀s฀, ฀a฀n฀d ฀c฀o฀n฀v฀e฀x ฀m฀o฀d฀e฀l฀l฀i฀n฀g฀. ฀A฀s ฀a฀    ฀ ฀ ฀ 
฀c฀o฀n฀c฀l฀u฀s฀i฀o฀n฀, ฀e฀v฀i฀d฀e฀n฀c฀e ฀t฀h฀e฀o฀r฀y ฀i฀s ฀p฀r฀o฀p฀o฀s฀e฀d ฀t฀o ฀u฀s฀e ฀i฀f ฀t฀h฀e฀  ฀ ฀ ฀  ฀   
฀a v a฀i l฀a฀b฀l฀e i n f o r m a฀t฀i o฀n ฀i฀s c฀o฀n฀f฀l฀i฀c฀t฀i฀n฀g฀. ฀T฀h฀e ฀a฀u฀t฀h฀o฀r฀s ฀a฀l฀s฀o ฀ ฀ ฀  ฀ ฀ 
p r o฀v i d e a n o฀v฀e฀r฀v฀i฀e฀w o฀f u n c e r฀t฀a฀i฀n฀t฀y ฀c฀l฀a฀s฀s฀i฀f฀i฀c฀a฀t฀i฀o฀n ฀ ฀ ฀ ฀ ฀ 
฀s฀c฀h e m e s . ฀F฀o฀l฀l฀o฀w i n฀g t h฀e฀i฀r d฀e f฀i฀n฀i฀t฀i฀o฀n฀s฀, ฀w฀e ฀a฀d฀o฀p฀t ฀t฀h฀e ฀  ฀   ฀ 
฀t฀a x฀o n o m฀y ฀o฀f ฀r i s฀k a s s e s฀s฀m฀e฀n฀t ฀i฀n ฀t฀h฀i฀s ฀p฀a฀p฀e฀r฀. ฀A฀c฀c฀o฀r฀d฀i฀n฀g฀l฀y฀,฀    ฀    
u฀n฀c฀e฀r t฀a฀i฀n t i฀e฀s c a n b e ฀d i v i d e d i฀n฀t฀o ฀t฀w฀o ฀c฀a฀t฀e฀g฀o฀r฀i฀e฀s฀. ฀  ฀ ฀ ฀  
$OHDWRU\ XQFHUWDLQW\ ฀w h i c h s t e m s ฀f฀r฀o฀m ฀a฀n ฀i฀n฀h฀e฀r฀e฀n฀t฀l฀y ฀ ฀  ฀ ฀ ฀ 
฀r฀a฀n฀d฀o฀m ฀n฀a฀t฀u฀r฀a฀l ฀p฀r฀o฀c฀e฀s฀s฀. ฀H฀e฀n฀c฀e฀, ฀t฀h฀i฀s ฀t฀y฀p฀e ฀o฀f ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ ฀ ฀   ฀   
฀i฀s ฀i฀r฀r฀e฀d฀u฀c฀i฀b฀l฀e ฀a฀n฀d ฀c฀a฀n ฀b฀e ฀w฀e฀l฀l ฀d฀e฀s฀c฀r฀i฀b฀e฀d ฀b฀y ฀t฀h฀e฀ ฀ ฀  ฀ ฀  ฀  
฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y ฀t฀h฀e฀o฀r฀y฀.(SLVWHPLF XQFHUWDLQW\ ฀i฀s ฀d฀u฀e ฀t฀o ฀t฀h฀e฀   ฀ ฀  ฀ ฀ 
฀l฀a฀c฀k ฀o฀f ฀k฀n฀o฀w฀l฀e฀d฀g฀e ฀o฀r ฀i฀n฀c฀o฀m฀p฀l฀e฀t฀e ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n ฀a฀n฀d ฀c฀a฀n ฀b฀e฀   ฀ ฀    ฀ 
฀e฀l฀i฀m฀i฀n฀a฀t฀e฀d ฀b฀y ฀o฀b฀t฀a฀i฀n฀i฀n฀g ฀m฀o฀r฀e ฀k฀n฀o฀w฀l฀e฀d฀g฀e ฀a฀b฀o฀u฀t ฀t฀h฀e฀ ฀ ฀ ฀ ฀ ฀  
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d ฀p฀r฀o฀b฀l฀e฀m฀. ฀T฀h฀i฀s ฀t฀y฀p฀e ฀o฀f ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀i฀s ฀t฀y฀p฀i฀c฀a฀l  ฀ ฀  ฀ ฀ ฀ 
฀i฀n ฀e฀a฀r฀l฀y ฀d฀e฀s฀i฀g฀n ฀p฀h฀a฀s฀e฀s ฀w฀h฀e฀n ฀m฀u฀l฀t฀i฀p฀l฀e ฀e฀x฀p฀e฀r฀t฀s ฀p฀r฀o฀v฀i฀d฀e฀  ฀    ฀ ฀ 
฀d฀i฀f f฀e฀r฀e n฀t o p i฀n i฀o฀n฀s฀, ฀m o d ฀l฀s ฀a฀r฀e ฀l฀o฀w ฀f฀i฀d฀e฀l฀i฀t฀y฀, ฀o฀r ฀i฀n ฀t฀h฀e ฀ ฀    ฀   
฀c฀a s e ฀o฀f ฀p฀o฀o฀r ฀q฀u฀a฀l i฀t฀y a฀n d ฀i฀n฀c฀o฀m฀p฀l฀e฀t฀e ฀d฀a฀t฀a฀. ฀E฀v฀i฀d฀e฀n฀c฀e ฀ ฀    ฀  
T฀h฀e฀o฀r฀y , ฀a฀l฀s฀o ฀k฀n฀o฀w n a s D฀e฀m฀p฀s฀t฀e฀r฀-฀S฀h฀a฀f฀e฀r ฀t฀h฀e฀o฀r฀y฀,    ฀ ฀ 
฀p฀r฀o฀v฀i฀d฀e฀s ฀a ฀v฀a฀l฀i฀d ฀m฀a฀t฀h฀e฀m฀a฀t฀i฀c฀a฀l ฀t฀o฀o฀l ฀t฀o ฀m฀o฀d฀e฀l ฀t฀h฀i฀s ฀t฀y฀p฀e ฀o฀f  ฀ ฀ ฀ ฀ ฀ ฀  ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀[฀2฀,฀3฀,฀4฀,฀5฀] ฀t฀h฀o฀u฀g฀h ฀i฀t ฀i฀s ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l฀l฀y฀      
฀e฀x฀p฀e฀n฀s฀i฀v฀e฀ ฀a฀n฀d฀ ฀d฀i฀f฀f฀i฀c฀u฀l฀t฀ ฀t฀o฀ ฀h฀a฀n฀d฀l฀e฀.฀ ฀ 
฀A n ฀w฀, c฀a l฀l฀e฀d ฀E฀v i฀d e฀n฀c฀e N฀e฀t฀w฀o฀r฀k ฀M฀o฀d฀e฀l ฀(฀E฀N฀M฀)฀, ฀w฀a฀s฀ ฀   ฀    
฀i฀n฀t฀r฀o฀d฀u฀c e฀d i฀n [ 6 ] ฀a฀n d ฀e x t e n d฀e฀d ฀i฀n ฀[฀7฀] ฀t฀o ฀m฀o฀d฀e฀l   ฀ ฀ ฀ ฀  ฀ 
n฀g฀i n฀e฀e฀r i n g ฀s฀y s t฀e฀m฀s t฀h฀a฀t c a n b e ฀d฀e฀c฀o฀m฀p฀o฀s฀e฀d ฀i฀n ฀a ฀    ฀  ฀ 
฀n฀u m฀b฀e฀r o f ฀s฀u฀b฀s y s t e m฀s o฀r ฀f฀u฀n฀c฀t฀i฀o฀n฀s฀. ฀E฀N฀M฀s ฀a฀r฀e฀    ฀ ฀ ฀ 
฀u฀n d฀i฀r฀e c฀t฀e d ฀a฀n฀d c฀o฀n n c t e d g r a p h฀s ฀w฀h฀e฀r฀e ฀e฀a฀c฀h ฀n฀o฀d฀e ฀i฀s ฀a  ฀   ฀ ฀ ฀ ฀ 
s u b - s y s t฀e m ฀a n฀d ฀e฀a฀c฀h l฀i฀n฀k a n ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n ฀p฀a฀t฀h฀w฀a฀y฀. ฀I฀n  ฀ ฀    ฀ 
t h i s ฀w฀o r฀k , ฀E฀N M a r e e x t e n d฀e฀d ฀t฀o ฀i฀n฀c฀l฀u฀d฀e฀  ฀  ฀ ฀ ฀ 
฀t฀i฀m฀e฀-฀d e p e n฀d฀e฀n฀t ฀u฀n c฀e฀r฀t฀a฀i฀n฀t฀y ฀a฀n฀d ฀a ฀t฀i฀m฀e฀-฀v฀a฀r฀y฀i฀n฀g   ฀  
p e r f o r m฀a n c e  c฀r฀i t e฀r฀i฀o฀n฀.   
฀T฀h฀e ฀p฀r฀o฀p฀o฀s฀e฀d ฀m฀e฀t฀h฀o฀d ฀i฀s ฀t฀h฀e฀n ฀u฀s฀e฀d ฀t฀o ฀s฀o฀l฀v฀e ฀a ฀s฀i฀m฀p฀l฀e ฀  ฀ ฀  ฀   ฀ 
฀r฀e฀s฀o฀u฀r฀c฀e ฀a฀l฀l฀o฀c฀a฀t฀i฀o฀n ฀p฀r฀o฀b฀l฀e฀m ฀w฀h฀e฀r฀e ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀a฀r฀e   ฀    
฀s฀u฀b฀j฀e฀c฀t฀e฀d ฀t฀o ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀t฀i฀m฀e฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e฀s ฀a฀n฀d ฀ ฀ ฀ ฀ ฀  
b
b฀s฀i฀z฀i฀n฀g ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀a฀r฀e ฀a฀l฀s฀o ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀. ฀T฀h฀e ฀g฀o฀a฀l ฀i฀s ฀t฀o ฀ ฀ ฀ ฀  ฀  ฀ 
฀o฀p฀t฀i฀m฀a฀l฀l฀y ฀p฀o฀s฀i฀t฀i฀o฀n ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀w฀i฀t฀h฀i฀n ฀a ฀s฀p฀a฀c฀e฀c฀r฀a฀f฀t  ฀ ฀ ฀ ฀ ฀ 
฀[฀1฀]฀.฀ 
 (9,'(1&(7+(25<
฀I฀n ฀E฀v฀i฀d฀e฀n฀c฀e ฀t฀h฀e฀o฀r฀y฀, ฀e฀x฀p฀e฀r฀t ฀o฀p฀i฀n฀i฀o฀n฀s ฀a฀r฀e ฀e฀x฀p฀r฀e฀s฀s฀e฀d ฀b฀y฀ ฀ ฀ ฀  ฀   
฀a฀s฀s฀i฀g฀n฀i฀n฀g ฀c฀o฀n฀f฀i฀d฀e฀n฀c฀e ฀l฀e฀v฀e฀l฀s ฀t฀o ฀c฀e฀r฀t฀a฀i฀n ฀s฀e฀t฀s ฀o฀f ฀i฀n฀t฀e฀r฀v฀a฀l฀s฀.  ฀  ฀ ฀ ฀ ฀ 
฀T฀h฀e ฀c฀o฀n฀f฀i฀d฀e฀n฀c฀e ฀l฀e฀v฀e฀l฀s ฀a฀r฀e ฀c฀a฀l฀l฀e฀d ฀b฀a฀s฀i฀c ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y ฀ ฀ ฀ ฀ ฀ ฀ 
฀a฀s฀s฀i฀g฀n฀m฀e฀n฀t ฀(฀b฀p฀a฀) ฀a฀n฀d ฀r฀e฀p฀r฀e฀s฀e฀n฀t ฀t฀h฀e ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y ฀t฀h฀a฀t ฀a฀n ฀ ฀    ฀  
฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀v฀a฀r฀i฀a฀b฀l฀e ฀i฀s ฀w฀i฀t฀h฀i฀n ฀i฀t฀s ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g ฀i฀n฀t฀e฀r฀v฀a฀l฀.  ฀   ฀  
฀A฀l฀l ฀t฀h฀e ฀C฀a฀r฀t฀e฀s฀i฀a฀n ฀p฀r฀o฀d฀u฀c฀t฀s ฀o฀f ฀t฀h฀e฀s฀e ฀i฀n฀t฀e฀r฀v฀a฀l฀s ฀p฀r฀o฀v฀i฀d฀e ฀a ฀ ฀ ฀  ฀ ฀ ฀ ฀ 
฀p฀o฀w฀e฀r ฀s฀e฀t฀, ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀s฀p฀a฀c฀e8 . ฀A ฀e฀l e฀m฀e฀n฀t ฀o฀f t฀h฀i฀s  ฀ ฀       
฀p฀o฀w฀e฀r ฀s฀e฀t ฀w฀i฀t฀h ฀n฀o฀n฀-฀z฀e฀r฀o ฀b฀p฀a ฀i฀s ฀t฀h฀e ฀s฀o฀-฀c฀a฀l฀l฀e฀d ฀F฀o฀c฀a฀l ฀  ฀ ฀   ฀ ฀ 
฀E฀l฀e฀m฀e฀n฀t ฀(฀F฀E฀)฀, ฀w฀h฀e฀r฀e ฀t฀h฀e ฀b฀p฀a ฀o฀f ฀t฀h฀e ฀e฀l฀e฀m฀e฀n฀t ฀i฀s ฀t฀h฀e฀ ฀    ฀ ฀    
฀p฀r฀o฀d฀u฀c฀t ฀o฀f ฀t฀h฀e ฀b฀p฀a฀s ฀o฀f ฀t฀h฀e ฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀n฀g ฀i฀n฀t฀e฀r฀v฀a฀l฀s฀. ฀A฀f฀t฀e฀r฀   ฀ ฀ ฀  ฀  
฀i฀d฀e฀n฀t฀i฀f฀y฀i฀n฀g ฀a฀l฀l ฀t฀h฀e ฀F฀E฀s฀, ฀t฀h฀e ฀l฀o฀w฀e฀r ฀a฀n฀d ฀u฀p฀p฀e฀r ฀b฀o฀u฀n฀d฀a฀r฀y฀,฀ ฀ ฀ ฀  ฀ ฀   
฀o฀r ฀b฀e฀l฀i฀e฀f ฀(฀B฀e฀l฀) ฀a฀n฀d ฀p฀l฀a฀u฀s฀i฀b฀i฀l฀i฀t฀y ฀(฀P฀l฀)฀, ฀o฀f ฀a ฀p฀r฀o฀p฀o฀s฀i฀t฀i฀o฀n$฀    ฀   ฀  ฀ 
฀c฀a฀n฀ ฀b฀e฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀d฀ ฀a฀s฀:฀ 
฀ 
HO฀($฀)฀ SD฀() (฀)% = ฀ ฀∑
฀ 
) (Ө$฀,) (Ѯ8
E ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀1฀)฀ 
O฀($฀)฀ SD฀() (฀)3 = ฀ ฀∑
฀ 
) (ŀ$฀≠฀0฀,) (Ѯ8
E ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀2฀)฀ 
฀ 
฀ 
฀I฀n ฀t฀h฀i฀s ฀p฀a฀p฀e฀r฀, ฀a ฀p฀r฀o฀p฀o฀s฀i฀t฀i฀o฀n ฀“฀t฀h฀e ฀s฀t฀a฀t฀e ฀o฀f ฀t฀h฀e ฀s฀y฀s฀t฀e฀m฀ ฀ ฀  ฀ ฀  ฀ ฀ ฀ 
฀l฀o฀a฀d฀e฀d ฀b฀y ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀i฀s ฀n฀o฀t ฀g฀r฀e฀a฀t฀e฀r ฀t฀h฀a฀n ฀a ฀t฀h฀r฀e฀s฀h฀o฀l฀d฀   ฀ ฀  ฀ ฀ ฀ 
฀v฀a฀l฀u฀e฀”฀ ฀i฀s฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀:฀ 
฀ 
฀ XѮ8฀|฀ I (X฀)฀≤Y }$ ฀= ฀{ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀3฀)฀ 
฀ 
฀B฀y ฀c฀a฀l฀c฀u฀l฀a฀t฀i฀n฀g ฀t฀h฀e ฀B฀e฀l ฀a฀n฀d ฀P฀l ฀v฀a฀l฀u฀e฀s ฀f฀o฀r ฀e฀a฀c฀h ฀p฀o฀s฀s฀i฀b฀l฀e฀   ฀ ฀  ฀ ฀ ฀ ฀ 
฀t฀h฀r฀e฀s฀h฀o฀l฀d ฀v฀a฀l฀u฀e ฀t฀w฀o ฀c฀u฀r฀v฀e฀s ฀c฀a฀n ฀b฀e ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀: ฀t฀h฀e฀  ฀ ฀ ฀ ฀  ฀ 
฀C฀u฀m฀u฀l฀a฀t฀i฀v฀e ฀B฀e฀l฀i฀e฀f ฀F฀u฀n฀c฀t฀i฀o฀n ฀(฀C฀B฀F฀) ฀a฀n฀d ฀t฀h฀e ฀C฀u฀m฀u฀l฀a฀t฀i฀v฀e฀ ฀   ฀  ฀ 
฀P฀l฀a฀u฀s฀i฀b฀i฀l฀i฀t฀y ฀F฀u฀n฀c฀t฀i฀o฀n ฀(฀C฀P฀F฀)฀. ฀T฀h฀e ฀u฀n฀k฀n฀o฀w฀n ฀p฀r฀e฀c฀i฀s฀e฀  ฀ ฀ ฀  
฀c฀u฀m฀u฀l฀a฀t฀i฀v฀e ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀f฀u฀n฀c฀t฀i฀o฀n ฀(฀C฀D฀F฀) ฀i฀s ฀e฀n฀v฀e฀l฀o฀p฀e฀d ฀b฀y฀ ฀ ฀  ฀  ฀ 
฀t฀h฀e฀s฀e฀ ฀t฀w฀o฀ ฀c฀u฀r฀v฀e฀s฀.฀ ฀ 
฀I฀n ฀p฀r฀a฀c฀t฀i฀c฀e฀, ฀i฀f ฀t฀h฀e ฀m฀a฀x฀i฀m฀u฀m ฀v฀a฀l฀u฀e ฀w฀i฀t฀h฀i฀n ฀a ฀F฀E ฀i฀s ฀n฀o฀t฀  ฀   ฀  ฀ ฀ ฀  
฀g฀r฀e฀a฀t฀e฀r ฀t฀h฀a฀n ฀t฀h฀e ฀t฀h฀r฀e฀s฀h฀o฀l฀d ฀v฀a฀l฀u฀e ฀t฀h฀a฀n ฀t฀h฀e ฀e฀v฀i฀d฀e฀n฀c฀e฀s ฀i฀n฀  ฀ ฀  ฀ ฀ ฀  
฀t฀h฀e ฀F฀E ฀f฀u฀l฀l฀y ฀s฀u฀p฀p฀o฀r฀t ฀t฀h฀e ฀p฀r฀o฀p฀o฀s฀i฀t฀i฀o฀n ฀a฀n฀d ฀t฀h฀u฀s ฀i฀t฀s ฀b฀p฀a ฀ ฀ ฀  ฀ ฀  ฀ ฀ 
฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀s ฀t฀o ฀E฀q฀. ฀1฀. ฀I฀f ฀t฀h฀e ฀m฀i฀n฀i฀m฀u฀m ฀v฀a฀l฀u฀e ฀o฀f ฀t฀h฀e ฀F฀E ฀i฀s฀ ฀ ฀  ฀ ฀ ฀ ฀  ฀ ฀ ฀ 
฀l฀e฀s฀s ฀t฀h฀a฀n ฀o฀r ฀e฀q฀u฀a฀l ฀t฀o ฀t฀h฀e ฀t฀h฀r฀e฀s฀h฀o฀l฀d ฀v฀a฀l฀u฀e ฀t฀h฀a฀n ฀t฀h฀e ฀F฀E฀ ฀ ฀ ฀ ฀  ฀  ฀ ฀ ฀ 
฀o฀n฀l฀y ฀p฀a฀r฀t฀i฀a฀l฀l฀y ฀s฀u฀p฀p฀o฀r฀t฀s ฀t฀h฀e ฀p฀r฀o฀p฀o฀s฀i฀t฀i฀o฀n ฀a฀n฀d ฀t฀h฀u฀s ฀t฀h฀e ฀b฀p฀a฀ ฀   ฀ ฀ ฀ ฀ ฀ 
฀o฀f฀ ฀t฀h฀e฀ ฀F฀E฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀e฀s฀ ฀t฀o฀ ฀E฀q฀.฀ ฀2฀.฀ ฀ 
฀T฀h฀i฀s ฀d฀i฀r฀e฀c฀t ฀m฀e฀t฀h฀o฀d ฀s฀u฀f฀f฀e฀r฀s ฀f฀r฀o฀m ฀t฀h฀e ฀c฀u฀r฀s฀e ฀o฀f฀   ฀  ฀ ฀ ฀ 
฀d฀i฀m฀e฀n฀s฀i฀o฀n฀a฀l฀i฀t฀y ฀a฀s ฀t฀h฀e ฀n฀u฀m฀b฀e฀r ฀o฀f ฀F฀E฀s ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀   ฀ ฀  ฀ 
฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀l฀y ฀w฀i฀t฀h ฀t฀h฀e ฀n฀u฀m฀b฀e฀r ฀o฀f ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀  ฀   ฀ 
฀b฀e฀c฀a฀u฀s฀e ฀i฀t ฀r฀e฀s฀u฀l฀t฀s ฀f฀r฀o฀m ฀t฀h฀e ฀C฀a฀r฀t฀e฀s฀i฀a฀n ฀p฀r฀o฀d฀u฀c฀t ฀o฀f ฀a฀l฀l ฀t฀h฀e฀  ฀ ฀ ฀ ฀   ฀ ฀ 
฀i฀n฀t฀e฀r฀v฀a฀l฀s฀ ฀o฀f฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀.฀ 
฀ 
 (9,'(1&(1(7:25.02'(/6
฀T฀h฀e ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l ฀b฀u฀r฀d฀e฀n ฀o฀f ฀o฀b฀t฀a฀i฀n฀i฀n฀g ฀t฀h฀e ฀e฀x฀a฀c฀t ฀B฀e฀l  ฀ ฀ ฀   ฀ 
a n d P l c u฀r฀v฀e฀s ฀m฀o฀t฀i฀v a t฀e฀s ฀u฀s ฀t฀o ฀c฀a฀l฀c฀u฀l฀a฀t฀e ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀o฀n฀s  ฀ ฀ ฀   ฀ 
o฀f ฀t h฀e ฀t฀w฀o ฀c฀u฀r v฀e฀s฀. ฀I n t h i฀s s e c t฀i฀o฀n ฀o฀n฀l฀y ฀t฀h฀e ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀o฀n ฀ ฀  ฀   ฀  ฀ 
฀o฀f ฀t฀h฀e ฀B฀e฀l ฀c฀u฀r฀v฀e ฀i฀s ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀, ฀t฀h฀e ฀P฀l ฀c฀u฀r฀v฀e ฀c฀a฀n ฀b฀e฀ ฀ ฀  ฀ ฀ ฀ ฀    
฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀d฀ ฀s฀i฀m฀i฀l฀a฀r฀l฀y฀.฀ 
฀A฀ ฀g฀l฀o฀b฀a฀l฀ ฀q฀u฀a฀n฀t฀i฀t฀y฀ ฀o฀f฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀ ฀F฀ ฀i฀s฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀:฀ 
฀ 
  ฀ ฀ ฀   ฀ ฀ ฀   ฀ ฀ ฀ ฀    ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀4฀)฀(G , ) ×8  Ӭ฀ ο ĺο฀ ) X ฀:' Q฀+P ฀ 
฀ 
w h e r e) ฀d฀e฀p e n d s ฀o฀n ฀s฀o฀m e d e s i฀g฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s       
฀a n฀d ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀p฀a r฀a฀m฀e฀t฀e฀r฀s ฀. ฀T฀h฀eѮ'Өο  G Q ฀ ฀  Ѯ8Өο  X P ฀  
s e t' ฀i s t฀h e a v฀a i l฀a b l e d e฀s i g n s p฀a฀c e ฀a฀n฀d8 t h e u n c e r t a i n ฀  ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ 
s฀p a c฀e .   
E N฀M ฀s฀e฀p฀a฀r฀a t฀e฀s t h e u n฀c฀e฀r t a i฀n ฀s฀p฀a฀c฀e ฀b฀y ฀d฀e฀f฀i฀n฀i฀n฀g ฀t฀w฀o฀ ฀      ฀ 
฀t฀y฀p฀e฀s o฀f ฀u฀n c e r t฀a฀i฀n ฀v a฀r฀i฀a฀b฀l฀e฀s฀:XQFRXSOHG u n c฀e฀r฀t฀a i฀n ฀  ฀ ฀  
v฀a฀r฀i a b l e ฀w฀h฀i฀c฀h h a s ฀a฀n ฀i฀n฀f l u e n฀c฀e ฀o฀n฀l฀y ฀o฀n ฀o฀n฀e XL ฀   ฀ ฀ ฀  ฀ ฀s฀u฀b฀s y฀s t e mL ฀a฀n฀dFRXSOHG ฀u฀n฀c฀e r t a i฀n v a r฀i฀a฀b฀l฀e ฀w฀h฀i฀c฀h฀  ฀  ฀  XLM ฀  
฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s฀ ฀t฀w฀o฀ ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀ L฀ ฀a฀n฀d฀ M .฀ 
฀A ฀g฀e฀n฀e฀r฀i฀c ฀c฀o฀m฀p฀l฀e฀x ฀s฀y฀s฀t฀e฀m ฀c฀a฀n ฀b฀e ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀e฀d ฀a฀s ฀a฀ ฀ ฀ ฀ ฀  ฀ ฀ ฀ 
฀n฀e฀t฀w฀o฀r฀k฀, ฀w฀h฀e฀r฀e ฀e฀a฀c฀h ฀n฀o฀d฀e ฀i฀s ฀a ฀s฀u฀b฀s฀y฀s฀t฀e฀m ฀a฀n฀d  ฀  ฀   ฀ 
฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n ฀i฀s ฀s฀h฀a฀r฀e฀d ฀t฀h฀r฀o฀u฀g฀h ฀l฀i฀n฀k฀s ฀b฀e฀t฀w฀e฀e฀n   ฀ ฀  
฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀.฀ ฀W฀e฀ ฀c฀a฀n฀ ฀t฀h฀e฀n฀ ฀d฀e฀f฀i฀n฀e฀ ฀t฀h฀e฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀F฀ ฀a฀s฀:฀ ฀ 
฀ 
(G , ฀)฀ (G฀,X ,K ฀(G ,X ฀,X ) )) X = ฀ ∑
1
L฀=฀1
JL L ฀ L ฀ L  LM ฀ 
฀(฀5฀)฀ 
฀ 
w h e r฀e1 ฀i s t฀h฀e n u m฀b฀e฀r ฀o฀f ฀s฀u฀b s y s฀t฀e฀m฀s ฀i฀n฀v฀o฀l฀v฀e฀d฀,   ฀  ฀ ฀ ฀ 
i s ฀t h e ฀v฀e฀c฀t฀o฀r ฀o f ฀s฀c฀a฀l฀a฀rOLQNLQJ ฀f u n c t i o n s฀(G ,X ,X ฀)KL ฀ L  LM ฀  ฀ ฀    ฀ 
฀. ฀T฀h฀e ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀(G฀,X ฀,X ฀)KLM ฀ L ฀ LM    ( · , ฀, ฀)JL · · ฀ ฀ 
฀q฀u฀a฀n฀t฀i฀t฀i฀e฀s ฀c฀o฀m฀p฀u฀t฀e฀d ฀b฀y ฀t฀h฀e ฀g฀o฀v฀e฀r฀n฀i฀n฀g ฀e฀q฀u฀a฀t฀i฀o฀n฀s ฀o฀f ฀t฀h฀e ฀ ฀ ฀     
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀.฀ 
฀A฀s ฀m฀e฀n฀t฀i฀o฀n฀e฀d ฀a฀b฀o฀v฀e฀, ฀t฀h฀e ฀e฀x฀a฀c฀t ฀B฀e฀l ฀c฀u฀r฀v฀e ฀i฀s ฀n฀o฀t฀ ฀  ฀ ฀ ฀ ฀ ฀  
฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d ฀i฀n ฀t฀h฀i฀s ฀a฀p฀p฀r฀o฀a฀c฀h฀; ฀i฀n฀s฀t฀e฀a฀d฀, ฀a฀n ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀o฀n฀  ฀ ฀ ฀   
฀o฀f ฀i฀t ฀i฀s ฀e฀s฀t฀i฀m฀a฀t฀e฀d ฀w฀i฀t฀h ฀a ฀d฀e฀c฀o฀m฀p฀o฀s฀i฀t฀i฀o฀n ฀a฀p฀p฀r฀o฀a฀c฀h฀. ฀I฀t฀  ฀ ฀   ฀  ฀ 
฀r฀e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀s ฀a฀n ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀d ฀b฀e฀l฀i฀e฀f ฀c฀u฀r฀v฀e ฀t฀h฀r฀o฀u฀g฀h ฀t฀h฀r฀e฀e ฀ ฀ ฀ ฀ ฀  
฀s฀t฀e฀p฀s฀, ฀f฀o฀r ฀a ฀g฀i฀v฀e฀n ฀d฀e฀s฀i฀g฀n ฀v฀e฀c฀t฀o฀r ฀a฀n฀d ฀t฀h฀e ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g ฀  ฀ ฀ ฀ G   ฀  
฀w฀o฀r฀s฀t฀-฀c฀a฀s฀e ฀s฀c฀e฀n฀a฀r฀i฀o ฀t฀h฀a฀t ฀r฀e฀f฀e฀r฀s ฀t฀o ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀ ฀  ฀ ฀ ฀ ฀ 
฀i฀n฀p฀u฀t฀ ฀w฀h฀i฀c฀h฀ ฀m฀a฀x฀i฀m฀i฀s฀e฀s฀ ฀F฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀g฀i฀v฀e฀n฀ ฀d฀e฀s฀i฀g฀n฀ ฀v฀e฀c฀t฀o฀r฀ ฀.G ฀ 
฀ 
฀T฀h฀e ฀f฀i฀r฀s฀t ฀s฀t฀e฀p ฀f฀r฀e฀e฀z฀e฀s ฀t฀h฀e ฀u฀n฀c฀o฀u฀p฀l฀e฀d ฀v฀a฀r฀i฀a฀b฀l฀e฀s ฀a฀n฀d    ฀ ฀  ฀ 
c฀a l฀c u l a t e a ( p a r t฀i฀a l ) ฀b e฀l฀i฀e฀f ฀c฀u฀r฀v฀e ฀f฀o฀r ฀e฀a฀c฀h ฀f฀u฀n฀c฀t฀i฀o฀n฀, ฀  ฀ ฀   KLM   
฀t h฀a t  ฀e฀x฀p฀r฀e฀s฀s฀e s  t฀h฀e฀ ฀c฀o฀n฀t฀r i b u t฀i฀o฀n฀ ฀o฀f฀ ฀e฀a฀c฀h฀ ฀c฀o฀u฀p฀l฀e฀d฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀.฀ 
฀ 
฀I฀n ฀t h e ฀s฀e฀c฀o฀n d ฀s฀t฀e p ฀t h e ฀p฀a฀r t฀i฀a฀l ฀B฀e฀l ฀c฀u฀r฀v฀e฀s ฀a฀r฀e ฀s฀a฀m฀p฀l฀e฀d    ฀ ฀ ฀ ฀   
t฀i฀m e s a t d i฀f฀f฀e฀r฀e n฀t ฀l฀e v e l฀s ฀q฀, ฀b฀y ฀t฀a฀k฀i฀n฀g ฀a ฀s฀u฀c฀c฀e฀s฀s฀i฀o฀n ฀o฀f1 6 ฀  ฀ ฀  ฀ ฀ ฀ ฀  ฀ ฀v฀a฀l฀u฀e฀s฀. ฀C฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g ฀t฀o ฀e฀a฀c฀hY ฀|T ฀.฀.฀.1 }฀{T ฀=Y ฀= ฀16 ฀  ฀ ฀ ฀ ฀s฀a฀m฀p฀l฀e฀ ฀a฀ ฀c฀o฀u฀p฀l฀e฀d฀ ฀v฀e฀c฀t฀o฀r฀ ฀ ฀i฀s฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀:XᤫTLM  
฀     ฀ ฀ ฀ ฀   ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀6฀)฀|X ) (X )฀}{XᤫTLMᤫTN฀,LM =DUJPD[X Ѯ) (LM N฀,LM LM  
฀ 
฀F฀i฀n฀a฀l฀l฀y฀, ฀i฀n ฀t฀h฀e ฀l฀a฀s฀t ฀s฀t฀e฀p฀, ฀f฀o฀r ฀e฀a฀c฀h ฀s฀a฀m฀p฀l฀e ฀t฀h฀e฀ ฀  ฀ ฀   ฀ ฀ 
฀d฀e฀c฀o฀m฀p฀o฀s฀i฀t฀i฀o฀n ฀a฀p฀p฀r฀o฀a฀c฀h ฀c฀o฀n฀s฀t฀r฀u฀c฀t฀s ฀a฀n ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀o฀n ฀t฀o฀ ฀ ฀ ฀   
฀t฀h฀e ฀v฀a฀l฀u฀e ฀o฀f ฀t฀h฀e ฀B฀e฀l ฀u฀s฀i฀n฀g ฀o฀n฀l฀y ฀t฀h฀e ฀F฀E฀s ฀o฀f ฀t฀h฀e ฀u฀n฀c฀o฀u฀p฀l฀e฀d ฀   ฀ ฀ ฀   ฀ ฀ ฀ 
฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀s฀c฀a฀l฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀b฀e฀l฀i฀e฀f฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀a฀m฀p฀l฀e฀s฀.฀ 
฀T฀h฀e ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀a฀r฀e ฀d฀e฀c฀o฀u฀p฀l฀e฀d ฀f฀r฀o฀m ฀t฀h฀e ฀c฀o฀u฀p฀l฀i฀n฀g JL ฀   ฀  ฀ ฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s ฀b฀y ฀f฀i฀x฀i฀n฀g ฀t฀h฀e ฀v฀a฀l฀u฀e ฀o฀f ฀t฀h฀e ฀l฀i฀n฀k฀i฀n฀g ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀a฀t   ฀  ฀ ฀ ฀  ฀ 
b
b฀t฀h฀e฀i฀r ฀m฀a฀x฀i฀m฀u฀m ฀v฀a฀l฀u฀e฀s฀ ฀ ฀)XᤫTLM ฀=DUJPD[ ) ฀(XN ᤫTN฀,LM ฀ ฀ 
฀r฀e฀s฀u฀l฀t฀i฀n฀g฀ ฀i฀n฀ ฀E฀q฀.฀ ฀7฀:฀ 
฀ 
฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀7฀)฀(X ฀) ฀(G ,X ฀,K ฀(G฀,X ฀,X ฀)JL L ฀=JL ฀ L ฀ 
ᤫ
L ฀ L ฀ ᤫTLM
฀ 
฀T฀h฀e ฀d฀e฀c฀o฀u฀p฀l฀e฀d ฀g฀o฀v฀e฀r฀n฀i฀n฀g ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀a฀r฀e   ฀ ฀(X )JL L ฀  ฀m฀a฀x฀i฀m฀i฀s฀e฀d ฀w฀.฀r฀.฀t฀. ฀e฀a฀c฀h ฀a฀n฀d ฀t฀h฀e ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀  ฀ () N฀,L ฀ ฀  ฀ 
฀v฀a฀l฀u฀e฀s฀ ฀ ฀a฀r฀e฀ ฀o฀b฀t฀a฀i฀n฀e฀d฀:JᤫTN฀,L  
D[ ฀ ) ฀(G฀, ฀, ฀)P ฀(X Ѯ) ( ฀)L฀,L฀=฀1฀.฀.฀.1 . XL X
ᤫT
LM ฀= ∑
1
L฀=฀1
JᤫTN ฀,L฀ L ฀ 
฀(฀8฀)฀ 
฀ 
฀w฀h฀e฀r฀e฀ ( ฀ ) ( ฀)) . = ฀(N ฀=฀1L N N ฀,11 ฀ ฀ ฀ 
฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀b฀p฀a฀:฀ 
฀ 
฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀9฀)SD ฀() ( ฀) ESD฀() ( ฀)฀∏ ǻ%HOE T . ฀= ฀∏L฀=฀11 N ฀,LL LM LM T
฀ ฀ 
฀ 
฀w฀h฀e฀r฀e ฀i฀s ฀t฀h฀e ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀p฀a฀r฀t฀i฀a฀l฀ ǻ%HO฀∏LM LM T ฀ ฀  ฀ ฀ ฀  
฀b฀e฀l฀i฀e฀f ฀c฀u฀r฀v฀e฀s ฀o฀f ฀c฀o฀u฀p฀l฀e฀d ฀v฀a฀r฀i฀a฀b฀l฀e฀s ฀a฀n฀d ฀ ฀ ฀ ฀ ฀ 
฀i฀s ฀t฀h฀e ฀p฀r฀o฀d฀u฀c฀t ฀o฀f ฀a฀l฀l ฀t฀h฀e ฀b฀p฀a฀’฀s ฀o฀f ฀t฀h฀eESD฀() ( ฀)฀∏L฀=฀11 N ฀,LL ฀ ฀    ฀ ฀ ฀ ฀  ฀f฀o฀c฀a฀l฀ ฀e฀l฀e฀m฀e฀n฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀u฀n฀c฀o฀u฀p฀l฀e฀d฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀.() N ฀,LL ฀ ฀T฀h฀e ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀b฀e฀l฀i฀e฀f ฀c฀a฀n ฀t฀h฀e฀n ฀b฀e ฀e฀x฀p฀r฀e฀s฀s฀e฀d ฀      ฀  
฀a฀s฀:฀ 
฀ 
฀ ฀() ฀(G฀, ฀)฀≤Y฀)฀ SD ฀() ( ฀)%HO X = ฀ ฀∑
฀ 
T
฀∑฀ 
.
E T . ฀ 
฀(฀1฀0฀)฀ 
฀ 
฀T฀h฀e ฀d฀e฀s฀c฀r฀i฀b฀e฀d ฀a฀p฀p฀r฀o฀a฀c฀h ฀r฀e฀d฀u฀c฀e฀s ฀t฀h฀e ฀c฀o฀m฀p฀u฀t฀a฀t฀i฀o฀n฀a฀l ฀l฀o฀a฀d     ฀ ฀ 
฀b฀y ฀r฀e฀d฀u฀c฀i฀n฀g ฀t฀h฀e ฀n฀u฀m฀b฀e฀r ฀o฀f ฀m฀a฀x฀i฀m฀i฀z฀a฀t฀i฀o฀n฀s ฀t฀o ฀b฀e ฀l฀i฀n฀e฀a฀r฀ ฀  ฀   ฀ ฀ ฀ 
฀w฀i฀t฀h ฀t฀h฀e ฀p฀r฀o฀b฀l฀e฀m ฀d฀i฀m฀e฀n฀s฀i฀o฀n฀. ฀F฀o฀r ฀m฀o฀r฀e ฀d฀e฀t฀a฀i฀l฀s ฀a฀b฀o฀u฀t฀ ฀ ฀  ฀ ฀ ฀ ฀ 
฀d฀e฀f฀i฀n฀i฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀p฀r฀o฀o฀f฀s฀ ฀p฀l฀e฀a฀s฀e฀ ฀r฀e฀f฀e฀r฀ ฀t฀o฀ ฀[฀6฀]฀ ฀a฀n฀d฀ ฀[฀7฀]฀.฀ 
฀ 
฀ 
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฀T฀h฀e฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀t฀o฀ ฀t฀h฀e฀ ฀d฀e฀s฀i฀g฀n฀ ฀o฀f฀ ฀c฀o฀m฀p฀l฀e฀x฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀u฀n฀d฀e฀r฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀p฀r฀o฀p฀o฀s฀e฀d ฀i฀n ฀t฀h฀i฀s ฀p฀a฀p฀e฀r฀, ฀r฀e฀q฀u฀i฀r฀e฀s ฀t฀h฀e ฀s฀o฀l฀u฀t฀i฀o฀n฀  ฀ ฀  ฀  ฀ 
฀o฀f ฀o฀n฀e ฀o฀r ฀m฀o฀r฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d ฀m฀i฀n฀-฀m฀a฀x ฀o฀p฀t฀i฀m฀i฀s฀a฀t฀i฀o฀n฀ ฀ ฀ ฀ ฀ ฀  
฀p฀r฀o฀b฀l฀e฀m฀s฀. ฀T฀h฀e ฀s฀o฀l฀u฀t฀i฀o฀n ฀t฀o ฀t฀h฀i฀s ฀c฀l฀a฀s฀s ฀o฀f ฀p฀r฀o฀b฀l฀e฀m฀s ฀i฀s ฀h฀e฀r฀e฀ ฀ ฀   ฀   ฀ ฀ 
฀a฀p฀p฀r฀o฀a฀c฀h฀e฀d ฀w฀i฀t฀h ฀a ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d ฀v฀a฀r฀i฀a฀n฀t ฀o฀f ฀M฀P฀A฀I฀D฀E฀A฀, ฀a฀n฀  ฀ ฀ ฀ ฀ ฀ ฀ 
฀a฀d฀a฀p฀t฀i฀v฀e ฀v฀e฀r฀s฀i฀o฀n ฀o฀f ฀I฀n฀f฀l฀a฀t฀i฀o฀n฀a฀r฀y ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀l ฀E฀v฀o฀l฀u฀t฀i฀o฀n฀ ฀ ฀ ฀ ฀  
฀[฀1฀3฀]฀. ฀T฀h฀i฀s ฀s฀e฀c฀t฀i฀o฀n ฀d฀e฀s฀c฀r฀i฀b฀e฀s ฀o฀n฀l฀y ฀t฀h฀e ฀s฀t฀r฀a฀t฀e฀g฀y ฀t฀o ฀h฀a฀n฀d฀l฀e฀    ฀ ฀ ฀  ฀ 
฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀s ฀i฀n ฀t฀h฀e ฀m฀i฀n฀-฀m฀a฀x ฀v฀e฀r฀s฀i฀o฀n ฀o฀f ฀M฀P฀A฀I฀D฀E฀A฀. ฀M฀o฀r฀e฀     ฀  ฀ 
฀d฀e฀t฀a฀i฀l฀s ฀o฀n ฀t฀h฀e ฀a฀p฀p฀r฀o฀a฀c฀h ฀t฀o ฀t฀h฀e ฀s฀o฀l฀u฀t฀i฀o฀n ฀o฀f ฀u฀n฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d   ฀  ฀ ฀ ฀  
฀m฀i฀n฀-฀m฀a฀x ฀p฀r฀o฀b฀l฀e฀m฀s ฀w฀i฀t฀h ฀I฀n฀f฀l฀a฀t฀i฀o฀n฀a฀r฀y ฀D฀i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀l฀ ฀ ฀ ฀ ฀ 
฀E฀v฀o฀l฀u฀t฀i฀o฀n฀ ฀c฀a฀n฀ ฀b฀e฀ ฀f฀o฀u฀n฀d฀ ฀i฀n฀ ฀[฀1฀4฀]฀.฀ 
฀ 
฀T฀h฀e ฀m฀i฀n฀-฀m฀a฀x ฀a฀l฀g฀o฀r฀i฀t฀h฀m ฀p฀r฀o฀p฀o฀s฀e฀d ฀i฀n ฀t฀h฀i฀s ฀p฀a฀p฀e฀r ฀  ฀ ฀ ฀ ฀ 
฀i฀t฀e฀r฀a฀t฀i฀v฀e฀l฀y ฀s฀o฀l฀v฀e฀s ฀a ฀b฀i฀-฀l฀e฀v฀e฀l ฀o฀p฀t฀i฀m฀i฀s฀a฀t฀i฀o฀n฀, ฀f฀i฀r฀s฀t฀ ฀ ฀ ฀ ฀ ฀ 
฀m฀i฀n฀i฀m฀i฀s฀i฀n฀g ฀o฀v฀e฀r ฀t฀h฀e ฀d฀e฀s฀i฀g฀n ฀v฀e฀c฀t฀o฀rG ฀(฀o u฀t ฀r l฀o o p ) a n d฀  ฀  ฀  ฀ ฀ ฀ 
฀t฀h฀e฀n ฀m฀a฀x฀i฀m฀i฀s฀i฀n฀g ฀o฀v฀e฀r ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀v฀e฀c฀t฀o฀rX ฀(฀i฀n n e r฀ ฀ ฀  ฀ ฀  ฀ 
฀l฀o฀o฀p฀)฀. ฀T฀h฀e ฀i฀n฀n฀e฀r ฀l฀o฀o฀p ฀p฀r฀o฀v฀i฀d฀e฀s ฀s฀o฀l฀u฀t฀i฀o฀n฀s ฀t฀h฀a฀t ฀s฀a฀t฀i฀s฀f฀y ฀t฀h฀e  ฀ ฀ ฀     
฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀, ฀w฀h฀i฀l฀e ฀t฀h฀e ฀o฀u฀t฀e฀r ฀l฀o฀o฀p ฀m฀a฀i฀n฀t฀a฀i฀n฀s ฀t฀h฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀ ฀ ฀   ฀ ฀  
฀s฀a฀t฀i฀s฀f฀a฀c฀t฀i฀o฀n฀ ฀w฀h฀i฀l฀e฀ ฀m฀i฀n฀i฀m฀i฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀c฀o฀s฀t฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀F฀.฀ ฀ 
฀T฀h฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t ฀h฀a฀n฀d฀l฀i฀n฀g ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀, ฀i฀m฀p฀l฀e฀m฀e฀n฀t฀s ฀t฀h฀e   ฀ ฀ ฀ 
฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀s฀t฀e฀p฀s฀:฀ 
Ɣ ฀I฀n฀i฀t฀i฀a฀l฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀a ฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n ฀o฀fG ฀a฀n฀dX฀ ฀ ฀ ฀  ฀ ฀  
฀v฀e฀c฀t฀o฀r฀s฀;฀ 
Ɣ ฀W฀h฀i฀l฀e ฀t฀h฀e ฀n฀u฀m฀b฀e฀r ฀f฀u฀n฀c฀t฀i฀o฀n ฀e฀v฀a฀l฀u฀a฀t฀i฀o฀n฀s ฀i฀s ฀l฀o฀w฀e฀r฀ ฀   ฀ ฀ ฀ 
฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀m฀a฀x฀i฀m฀u฀m฀ ฀a฀l฀l฀o฀w฀e฀d฀,฀ ฀d฀o฀ ฀t฀h฀e฀ ฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ 
ż ฀[฀O฀u฀t฀e฀r฀-฀L฀o฀o฀p฀]฀C฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d฀ 
฀m฀i฀n฀i฀m฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀o฀b฀j฀e฀c฀t฀i฀v฀e ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀ ฀ ฀  
฀o฀v฀e฀r ฀t฀h฀e ฀d฀e฀s฀i฀g฀n ฀s฀p฀a฀c฀e฀, ฀e฀v฀a฀l฀u฀a฀t฀i฀n฀g ฀t฀h฀e฀ ฀ ฀    
฀c฀o฀s฀t ฀f฀u฀n฀c฀t฀i฀o฀n ฀o฀v฀e฀r ฀a฀l฀l ฀t฀h฀e฀  )   ฀ ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀v฀e฀c฀t฀o฀r฀s ฀s฀t฀o฀r฀e฀d ฀i฀n ฀t฀h฀e฀ ฀ ฀ ฀  
฀a฀r฀c฀h฀i฀v฀e$U  $UBX Ґ $UBF ฀u฀p฀d฀a฀t฀e฀d฀      ฀ 
฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀i฀n฀n฀e฀r฀ ฀l฀o฀o฀p฀;฀ 
ż ฀[฀I฀n฀n฀e฀r฀-฀L฀o฀o฀p฀]฀C฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d฀ 
฀m฀a฀x฀i฀m฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀c฀o฀s฀t ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀ ฀ ฀ ฀ ) ฀ 
฀o฀v฀e฀r ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀sX฀ ฀    
฀(฀u฀p฀d฀a฀t฀i฀n฀g ฀t฀h฀e ฀a฀r฀c฀h฀i฀v฀e$UBX  ) ฀a n d ฀ ฀ ฀  
฀p฀a฀r฀a฀l฀l฀e฀l ฀m฀a฀x฀i฀m฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀  ฀   
฀v฀i฀o฀l฀a฀t฀i฀o฀n ฀o฀v฀e฀r ฀t฀h฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y ฀s฀p฀a฀c฀e ฀U ฀ ฀ ฀ ฀ ฀ 
฀(฀u฀p฀d฀a฀t฀i฀n฀g ฀t฀h฀e ฀a฀r฀c฀h฀i฀v฀e$UBF฀)฀. ฀I฀f a ฀ ฀    
฀f฀e฀a฀s฀i฀b฀l฀e ฀s฀o฀l฀u฀t฀i฀o฀n ฀c฀a฀n฀n฀o฀t ฀b฀e ฀f฀o฀u฀n฀d฀, ฀t฀h฀e฀ ฀ ฀  ฀  
฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀s ฀a฀r฀e ฀r฀e฀l฀a฀x฀e฀d ฀s฀u฀c฀h ฀t฀h฀a฀t ฀a฀  ฀   ฀ 
฀s฀m฀a฀l฀l฀ ฀v฀i฀o฀l฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀.฀ 
฀ 
F฀o฀r a m o r e ฀d e฀t a i฀l฀e฀d ฀d฀e฀s฀c฀r฀i฀p฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d  ฀  ฀    
฀m฀i฀n฀-฀m฀a฀x฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀p฀l฀e฀a฀s฀e฀ ฀r฀e฀f฀e฀r฀ ฀t฀o฀ ฀[฀7฀]฀.฀ ฀ 
฀ 
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฀S฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m ฀m฀a฀i฀n฀t฀e฀n฀a฀n฀c฀e ฀i฀s ฀h฀i฀g฀h฀l฀y ฀e฀x฀p฀e฀n฀s฀i฀v฀e ฀a฀n฀d ฀    ฀  
฀s฀o฀m฀e฀t฀i฀m฀e฀s ฀i฀m฀p฀o฀s฀s฀i฀b฀l฀e ฀d฀u฀e ฀t฀o ฀t฀h฀e ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀a฀l฀ ฀ ฀ ฀  ฀ 
฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀. ฀T฀h฀e ฀u฀s฀e฀f฀u฀l ฀s฀e฀r฀v฀i฀c฀e ฀t฀i฀m฀e ฀o฀f ฀a ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m฀,฀ ฀  ฀ ฀ ฀  ฀  
t h e r฀e฀f฀o฀r฀e฀, ฀h฀i g h l฀y d e p฀e฀n฀d฀s ฀o฀n t h฀e ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀o฀f ฀t฀h฀e ฀s฀y฀s฀t฀e฀m    ฀ ฀    
a฀n d o f i t s c o m฀p฀o฀n฀e฀n฀t s . F o฀r ฀t h i฀s ฀r฀e฀a฀s฀o฀n฀, ฀R฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀-฀b฀a฀s฀e฀d     ฀ ฀  
D฀e s฀i฀g n ฀O฀p฀t i฀m i฀s฀a฀t฀i฀o฀n (฀R฀B฀D O ) ฀h฀a฀s ฀b฀e฀e฀n ฀r฀e฀c฀o฀g฀n฀i฀s฀e฀d ฀a฀s ฀a฀n  ฀    ฀  
฀e s฀s e n t i฀a l฀ ฀t฀o฀o฀l฀ ฀f฀o r  ฀s฀p a c e฀ ฀s y s t e฀m฀ ฀d฀e฀s฀i฀g฀n฀ ฀[฀8฀]฀.฀ ฀ 
฀V฀a฀r฀i฀o฀u฀s ฀a฀p฀p฀r฀o฀a฀c฀h฀e฀s ฀h฀a฀v฀e ฀b฀e฀e฀n ฀p฀r฀o฀p฀o฀s฀e฀d ฀t฀o ฀m฀o฀d฀e฀l ฀t฀h฀e฀  ฀     ฀ 
฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀o฀f ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m฀s฀; ฀h฀o฀w฀e฀v฀e฀r฀, ฀t฀h฀e฀y ฀l฀a฀c฀k ฀o฀f ฀a฀n฀y฀    ฀ ฀  ฀ ฀ 
฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l ฀s฀u฀p฀p฀o฀r฀t ฀f฀r฀o฀m ฀o฀n฀-฀o฀r฀b฀i฀t ฀d฀a฀t฀a ฀o฀r ฀t฀h฀e฀y ฀a฀r฀e฀ ฀ ฀  ฀  ฀  
฀f฀o฀c฀u฀s฀i฀n฀g ฀o฀n ฀a ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r ฀s฀p฀a฀c฀e ฀v฀e฀h฀i฀c฀l฀e ฀o฀f ฀a    ฀ ฀  ฀ 
฀m฀a฀n฀u฀f฀a฀c฀t฀u฀r฀e฀r฀. ฀R฀e฀c฀e฀n฀t฀l฀y฀, ฀C฀a฀s฀t฀e฀t ฀a฀n฀d ฀S฀a฀l฀e฀h ฀[฀8฀-฀9฀] ฀h฀a฀v฀e ฀  ฀ ฀ ฀ ฀ 
฀p฀r฀e฀s฀e฀n฀t฀e฀d ฀a ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀m฀o฀d฀e฀l ฀b฀a฀s฀e฀d ฀o฀n ฀a฀c฀t฀u฀a฀l ฀o฀n฀-฀o฀r฀b฀i฀t ฀ ฀ ฀ ฀  ฀ ฀ 
฀d฀a฀t฀a ฀o฀f ฀1฀5฀8฀4 ฀E฀a฀r฀t฀h฀-฀o฀r฀b฀i฀t฀i฀n฀g ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀s ฀s฀u฀c฀c฀e฀s฀s฀f฀u฀l฀l฀y฀ ฀ ฀  ฀  
฀l฀a฀u฀n฀c฀h฀e฀d ฀b฀e฀t฀w฀e฀e฀n ฀J฀a฀n฀u฀a฀r฀y ฀1฀9฀9฀0 ฀a฀n฀d ฀O฀c฀t฀o฀b฀e฀r ฀2฀0฀0฀8฀.   ฀ ฀   
฀T฀h฀e฀y ฀e฀m฀p฀l฀o฀y฀e฀d ฀t฀h฀e ฀K฀a฀p฀l฀a฀n฀-฀M฀e฀i฀e฀r ฀e฀s฀t฀i฀m฀a฀t฀o฀r ฀[฀1฀0฀] ฀t฀o฀ ฀  ฀  ฀  
฀b฀u฀i฀l฀d ฀a ฀n฀o฀n฀p฀a฀r฀a฀m฀e฀t฀r฀i฀c ฀m฀o฀d฀e฀l ฀w฀h฀i฀c฀h ฀w฀a฀s ฀u฀s฀e฀d ฀a฀s ฀a฀ ฀    ฀  ฀  
฀r฀e฀f฀e฀r฀e฀n฀c฀e ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀f฀u฀n฀c฀t฀i฀o฀n฀. ฀A ฀p฀a฀r฀a฀m฀e฀t฀r฀i฀c ฀W฀e฀i฀b฀u฀l฀l฀ ฀ ฀ ฀ ฀ ฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀w฀a฀s ฀f฀i฀t฀t฀e฀d ฀o฀n ฀t฀h฀i฀s ฀r฀e฀f฀e฀r฀e฀n฀c฀e ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀  ฀ ฀ ฀ ฀ 
฀f฀u฀n฀c฀t฀i฀o฀n ฀w฀i฀t฀h ฀a ฀m฀a฀x฀i฀m฀u฀m ฀l฀i฀k฀e฀l฀i฀h฀o฀o฀d ฀e฀s฀t฀i฀m฀a฀t฀i฀o฀n฀. ฀T฀h฀e฀ ฀    ฀  
฀a฀u฀t฀h฀o฀r฀s ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e฀d ฀t฀h฀a฀t ฀i฀n฀f฀a฀n฀t ฀m฀o฀r฀t฀a฀l฀i฀t฀y ฀(฀d฀e฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀ ฀ ฀ ฀  
฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e฀) ฀i฀s ฀a ฀v฀a฀l฀i฀d ฀p฀h฀e฀n฀o฀m฀e฀n฀o฀n ฀f฀o฀r ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀s ฀a฀n฀d ฀t฀h฀e฀  ฀ ฀  ฀ ฀    
฀W฀e฀i฀b฀u฀l฀l ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀w฀i฀t฀h ฀s฀h฀a฀p฀e ฀p฀a฀r฀a฀m฀e฀t฀e฀r ฀l฀e฀s฀s ฀t฀h฀a฀n ฀1฀  ฀  ฀  ฀ ฀ 
฀w฀e฀l฀l ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀s ฀t฀h฀i฀s ฀f฀a฀i฀l฀u฀r฀e ฀b฀e฀h฀a฀v฀i฀o฀u฀r ฀o฀f ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀s ฀ ฀ ฀  ฀ ฀ 
฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀.฀ 
฀A฀c฀c฀o฀r฀d฀i฀n฀g ฀t฀o ฀t฀h฀e ฀W฀e฀i฀b฀u฀l฀l ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀, ฀t฀h฀e฀ ฀ ฀ ฀   
฀t฀i฀m฀e฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t฀ ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀i฀s฀:฀ ฀ 
฀ 
฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀1฀1฀)฀(W฀)฀  5 =H฀−฀(W /ș฀)ȕ
b
b฀ 
฀w฀h฀e฀r฀eᶚ a฀n฀dᶔ ฀a฀r฀e ฀t฀h฀e ฀s฀c฀a฀l฀e ฀a฀n฀d ฀s฀h฀a฀p฀e ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀  ฀  ฀ ฀  ฀ ฀ 
฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀l฀y฀;ᶔ ฀i฀s d i฀m e n฀s฀i฀o฀n฀l฀e฀s฀s ฀a฀n฀dᶚ ฀i฀s e x p r e s s฀e฀d ฀i฀n฀ ฀ ฀  ฀ ฀ ฀ ฀  
฀u฀n฀i฀t฀s ฀o฀f ฀t฀i฀m฀e ฀a฀n฀d ฀t฀h฀e ฀s฀h฀a฀p฀e ฀p฀a฀r฀a฀m฀e฀t฀e฀r ฀i฀n฀f฀l฀u฀e฀n฀c฀e ฀R฀(฀t฀) ฀a฀s฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ 
฀f฀o฀l฀l฀o฀w฀.฀ 
฀ 
฀1฀. ฀F฀o฀r ฀0฀<Ḉ฀<฀1฀, ฀t฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e ฀i฀s ฀d฀e฀c฀r฀e฀a฀s฀i฀n฀g ฀(฀i฀n฀f฀a฀n฀t  ฀ ฀ ฀  ฀ ฀ 
฀m฀o฀r฀t฀a฀l฀i฀t฀y฀)฀.฀ 
฀2฀. ฀F฀o฀rḈ฀=฀1฀, ฀t฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e ฀i฀s ฀c฀o฀n฀s฀t฀a฀n฀t฀, ฀a฀n฀d ฀i฀n ฀t฀h฀i฀s  ฀ ฀ ฀  ฀    
฀c฀a฀s฀e ฀t฀h฀e ฀W฀e฀i฀b฀u฀l฀l ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀i฀s ฀e฀q฀u฀i฀v฀a฀l฀e฀n฀t ฀t฀o฀ ฀ ฀  ฀ ฀ ฀ 
฀t฀h฀e฀ ฀e฀x฀p฀o฀n฀e฀n฀t฀i฀a฀l฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀.฀ ฀ 
฀3฀. ฀F฀o฀rḈ > 1฀, ฀t฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e ฀i฀s ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g ฀ ฀ ฀   ฀ 
฀(฀w฀e฀a฀r฀o฀u฀t฀)฀:฀ 
฀a฀. ฀F฀o฀r ฀1฀<Ḉ฀<฀2฀, ฀w฀e ฀h฀a฀v฀e ฀a฀n ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g  ฀ ฀  ฀ 
฀c฀o฀n฀c฀a฀v฀e฀ ฀f฀a฀i฀l฀u฀r฀e฀ ฀r฀a฀t฀e฀.฀ 
฀b฀. ฀F฀o฀rḈ฀=฀2฀, ฀w฀e ฀h฀a฀v฀e ฀a ฀l฀i฀n฀e฀a฀r ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e฀,  ฀ ฀ ฀    
฀a฀n฀d ฀i฀n ฀t฀h฀i฀s ฀c฀a฀s฀e ฀t฀h฀e ฀W฀e฀i฀b฀u฀l฀l ฀ ฀ ฀  ฀ 
฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n ฀i฀s ฀e฀q฀u฀i฀v฀a฀l฀e฀n฀t ฀t฀o ฀t฀h฀e ฀ ฀   
฀R฀a฀y฀l฀e฀i฀g฀h฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀.฀ ฀ 
฀c฀. ฀F฀o฀rḈ > 2฀, ฀w฀e ฀h฀a฀v฀e ฀a฀n ฀i฀n฀c฀r฀e฀a฀s฀i n฀g ฀ ฀ ฀ ฀ ฀ 
฀c฀o฀n฀v฀e฀x฀ ฀f฀a฀i฀l฀u฀r฀e฀ ฀r฀a฀t฀e฀.฀ ฀ 
฀d฀. ฀F฀o฀r ฀3฀<Ḉ฀<฀4฀, ฀t฀h฀e ฀W฀e฀i฀b฀u฀l฀l ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n  ฀ ฀  
฀a฀p฀p฀r฀o฀a฀c฀h฀e฀s฀ ฀t฀h฀e฀ ฀n฀o฀r฀m฀a฀l฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀. 
฀ 
฀ 
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฀T฀h฀e ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l ฀a฀n฀a฀l฀y฀s฀i฀s ฀o฀f ฀C฀a฀s฀t฀e฀t ฀a฀n฀d ฀S฀a฀l฀e฀h ฀[฀8฀-฀9฀] ฀h฀a฀s    ฀   ฀ ฀ 
฀r฀e฀v฀e฀a฀l฀e฀d ฀t฀h฀a฀t ฀t฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀o฀f ฀t฀e฀l฀e฀m฀e฀t฀r฀y฀, ฀t฀r฀a฀c฀k฀i฀n฀g ฀a฀n฀d  ฀ ฀ ฀   ฀ 
฀c฀o฀m฀m฀a฀n฀d ฀(฀T฀T฀C฀) ฀a฀n฀d ฀t฀h฀e ฀a฀t฀t฀i฀t฀u฀d฀e ฀a฀n฀d ฀o฀r฀b฀i฀t ฀c฀o฀n฀t฀r฀o฀l  ฀ ฀ ฀ ฀   
฀(฀A฀O฀C฀S฀) ฀(฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀l฀y ฀t฀h฀e ฀g฀y฀r฀o฀s฀, ฀s฀e฀n฀s฀o฀r฀s฀, ฀a฀n฀d ฀r฀e฀a฀c฀t฀i฀o฀n฀   ฀  ฀ ฀ 
฀w฀h฀e฀e฀l฀s฀) ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀a฀r฀e ฀t฀h฀e ฀m฀a฀j฀o฀r ฀d฀r฀i฀v฀e฀r฀s ฀o฀f ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀     ฀ ฀ ฀ 
฀f฀a฀i฀l฀u฀r฀e฀. ฀C฀o฀n฀s฀i฀d฀e฀r฀i฀n฀g ฀o฀n฀l฀y ฀s฀m฀a฀l฀l ฀s฀c฀a฀l฀e ฀s฀a฀t฀e฀l฀l฀i฀t฀e฀s ฀(฀u฀n฀d฀e฀r฀ ฀  ฀ ฀   
฀5฀0฀0 ฀k฀g฀)฀, ฀i฀t ฀h฀a฀s ฀b฀e฀e฀n ฀s฀h฀o฀w฀n ฀t฀h฀a฀t ฀T฀T฀C ฀a฀n฀d ฀t฀h฀e ฀e฀l฀e฀c฀t฀r฀i฀c฀a฀l  ฀ ฀ ฀ ฀ ฀ ฀  ฀  
฀p฀o฀w฀e฀r ฀s฀y฀s฀t฀e฀m ฀(฀P฀O฀W฀E฀R฀) ฀a฀r฀e ฀t฀h฀e ฀m฀a฀j฀o฀r ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀o฀r฀s ฀o฀f ฀ ฀ ฀ ฀   ฀ 
฀s฀p฀a฀c฀e฀ ฀s฀y฀s฀t฀e฀m฀ ฀f฀a฀i฀l฀u฀r฀e฀ ฀[฀1฀1฀]฀.฀ ฀ 
฀T฀h฀e ฀p฀o฀s฀i฀t฀i฀o฀n฀i฀n฀g ฀p฀r฀o฀b฀l฀e฀m ฀o฀f ฀a ฀t฀h฀r฀e฀e฀-฀s฀u฀b฀s฀y฀s฀t฀e฀m ฀s฀a฀t฀e฀l฀l฀i฀t฀e ฀ ฀  ฀ ฀ ฀ 
฀c฀o฀n฀t฀a฀i฀n฀i฀n฀g ฀t฀h฀e฀s฀e ฀c฀r฀i฀t฀i฀c฀a฀l ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀i฀s ฀p฀r฀e฀s฀e฀n฀t฀e฀d ฀i฀n ฀t฀h฀i฀s฀ ฀ ฀   ฀   
฀p฀a฀p฀e฀r ฀t฀o ฀d฀e฀m฀o฀n฀s฀t฀r฀a฀t฀e ฀t฀h฀e ฀u฀s฀e ฀o฀f ฀t฀h฀e ฀E฀N฀M ฀o฀n ฀a฀ ฀ ฀ ฀   ฀  ฀  
฀t฀i฀m฀e฀-฀d฀e฀p฀e฀n฀d฀e฀n฀t ฀p฀r฀o฀b฀l฀e฀m฀. ฀T฀h฀e ฀s฀p฀a฀c฀e ฀s฀y฀s฀t฀e฀m ฀i฀s ฀t฀h฀e฀n   ฀ ฀ ฀ ฀ 
฀m฀o฀d฀e฀l฀l฀e฀d ฀a฀s ฀a ฀n฀e฀t฀w฀o฀r฀k ฀w฀i฀t฀h ฀t฀h฀r฀e฀e ฀n฀o฀d฀e฀s ฀(฀A฀O฀C฀S฀, ฀T฀T฀C฀ ฀    ฀ ฀ ฀ ฀ 
฀a฀n฀d ฀P฀O฀W฀E฀R฀) ฀a฀n฀d ฀t฀w฀o ฀l฀i฀n฀k฀s ฀b฀e฀t฀w฀e฀e฀n ฀T฀T฀C฀-฀P฀O฀W฀E฀R ฀a฀n฀d ฀ ฀  ฀ ฀  ฀ 
฀A฀O฀C฀S฀-฀P฀O฀W฀E฀R฀.฀ ฀ 
฀ 
฀T฀h฀e ฀o฀b฀j฀e฀c฀t฀i฀v฀e ฀f฀u฀n฀c฀t฀i฀o฀n ฀w฀e ฀c฀o฀n฀s฀i฀d฀e฀r ฀i฀s ฀t฀h฀e ฀w฀e฀i฀g฀h฀t฀e฀d ฀ ฀  ฀  ฀ ฀ 
฀f฀u฀n฀c฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀m฀a฀s฀s ฀a฀n฀d ฀t฀h฀e ฀m฀o฀m฀e฀n฀t ฀o฀f ฀i฀n฀e฀r฀t฀i฀a ฀w฀i฀t฀h฀ ฀ ฀   ฀  ฀  ฀ 
฀r฀e฀s฀p฀e฀c฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀v฀e฀r฀t฀i฀c฀a฀l฀ ฀a฀x฀e฀s฀ ฀z฀:฀ 
฀ 
฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀1฀2฀)฀ ฀ U ฀ ฀ ) ฀=ZP ฀∑
฀3
L฀=฀1
PL ฀+ZL ฀∑
฀3
L฀=฀1
PL฀ L฀2  
฀ 
฀w฀h฀e฀r฀e ฀i฀s ฀t฀h฀e ฀m฀a฀s฀s ฀o฀f ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀mL ฀a฀n฀d i s t฀h฀eP L  ฀  ฀  ฀ ฀   UL฀  ฀  ฀h฀o฀r฀i฀z฀o฀n฀t฀a฀l ฀d฀i฀s฀t฀a฀n฀c฀e ฀o฀f ฀C฀e฀n฀t฀e฀r ฀o฀f ฀M฀a฀s฀s ฀(฀C฀o฀M฀) ฀f฀r฀o฀m ฀t฀h฀e฀  ฀  ฀ ฀    
฀v฀e฀r฀t฀i฀c฀a฀l ฀a฀x฀e฀s ฀z฀. ฀T฀h฀e ฀a฀n฀d ฀d฀e฀n฀o฀t฀e ฀t฀h฀e ฀w฀e฀i฀g฀h฀t฀s ฀a฀n฀d฀  ฀ ฀ ZP ฀ ฀ ZL  ฀ ฀   ฀f฀o฀r ฀t฀h฀e ฀s฀a฀k฀e ฀o฀f ฀s฀i฀m฀p฀l฀i฀c฀i฀t฀y ฀t฀h฀e฀y ฀a฀r฀e ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d ฀t฀o ฀b฀e ฀e฀q฀u฀a฀l ฀  ฀ ฀ ฀ ฀ ฀ ฀  ฀ 
฀t฀o฀ ฀o฀n฀e฀.฀ 
฀T฀h฀e ฀w฀a฀y ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀a฀n฀d ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s ฀a฀r฀e ฀a฀l฀l฀o฀c฀a฀t฀e฀d      ฀  
฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s ฀t฀h฀e ฀c฀e฀n฀t฀r฀e ฀o฀f ฀g฀r฀a฀v฀i฀t฀y ฀o฀f ฀t฀h฀e ฀w฀h฀o฀l฀e ฀s฀y฀s฀t฀e฀m฀.฀ ฀ ฀   ฀  ฀ ฀ 
฀T฀h฀e ฀m฀a฀s฀s ฀a฀n฀d ฀s฀i฀z฀e ฀o฀f ฀e฀a฀c฀h ฀c฀o฀m฀p฀o฀n฀e฀n฀t ฀i฀s ฀a฀f฀f฀e฀c฀t฀e฀d ฀b฀y ฀ ฀ ฀   ฀ ฀  ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y i฀n ฀s฀y฀s฀t฀e฀m ฀d฀e฀s฀i฀g฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀a฀n฀d ฀s฀y฀s฀t฀e฀m ฀    ฀  
d e g฀r a d฀a฀t฀i฀o฀n฀. ฀A ฀f฀a฀i฀l฀u฀r฀e ฀r฀a฀t฀e ฀(฀f฀u฀n฀c฀t฀i฀o฀n ฀o฀f ฀t฀i฀m฀e ฀a฀n฀d  ฀ ฀   ฀ ฀ 
a฀f f฀e฀c฀t฀e฀d ฀b฀y e p i s t e m i ฀u n c e r t฀a฀i฀n฀t฀y฀) ฀i฀s ฀u฀s฀e฀d ฀t฀o ฀q฀u฀a฀n฀t฀i฀f฀y    ฀  ฀  
฀t฀h฀e ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e ฀d฀e฀g฀r฀a฀d฀a฀t฀i฀o฀n ฀o฀f ฀p฀o฀w฀e฀r฀, ฀T฀T฀C ฀a฀n฀d ฀A฀O฀C฀S  ฀   ฀ ฀ ฀ 
฀s฀y฀s฀t฀e฀m฀s฀.฀ ฀ 
฀O฀u฀r ฀g฀o฀a฀l ฀i฀s ฀t฀h฀e ฀e฀v฀a฀l฀u฀a฀t฀i฀o฀n ฀o฀f ฀t฀h฀e ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d ฀w฀o฀r฀s฀t฀-฀c฀a฀s฀e  ฀ ฀ ฀  ฀ ฀ ฀ 
฀s฀c฀e฀n฀a฀r฀i฀o฀:฀ 
฀ 
LQ PD[ ฀ ) ฀(G฀,X฀)฀ ฀ V .W฀.฀ & (G฀, ฀)P GѮ' XѮ8 ฀ X < ฀0 ฀ ฀(฀1฀3฀)฀ 
฀ 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀C฀B฀F฀.฀ 
฀ 
฀T฀h฀e ฀p฀r฀o฀b฀l฀e฀m ฀i฀s ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d ฀b฀y ฀2฀4 ฀d฀e฀s฀i฀g฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀a฀n฀d ฀   ฀ ฀ ฀  ฀ 
฀1฀7 ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀.฀M a฀s฀s฀, ฀m o฀m e n t ฀o฀f ฀i฀n฀e฀r฀t฀i฀a ฀a฀n฀d฀ ฀ b ฀  ฀ ฀  
฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y ฀o฀f ฀t฀h฀e ฀s฀y฀s฀t฀e฀m฀s ฀a฀r฀e ฀a฀l฀l ฀a฀f฀f฀e฀c฀t฀e฀d ฀b฀y ฀b฀o฀t฀h ฀d฀e฀s฀i฀g฀n฀   ฀ ฀ ฀ ฀  ฀  
฀a฀n฀d฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀.฀ 
฀ 
฀I฀n ฀t฀h฀e ฀p฀r฀o฀b฀l฀e฀m ฀t฀h฀e฀r฀e ฀a฀r฀e ฀o฀n฀e ฀u฀n฀c฀o฀u฀p฀l฀e฀d ฀p฀a฀r฀a฀m฀e฀t฀e฀r ฀f฀o฀r฀ ฀ ฀ ฀ ฀  ฀ ฀  
฀A฀O฀C฀S฀, ฀o฀n฀e ฀f฀o฀r ฀T฀T฀C ฀a฀n฀d ฀s฀i฀x ฀f฀o฀r ฀t฀h฀e ฀P฀O฀W฀E฀R฀. ฀R฀e฀g฀a฀r฀d฀i฀n฀g ฀ ฀ ฀ ฀ ฀  ฀   
฀t฀h฀e ฀c฀o฀u฀p฀l฀e฀d ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s฀, ฀t฀h฀e฀r฀e ฀a฀r฀e ฀f฀i฀v฀e ฀u฀n฀c฀e฀r฀t฀a฀i฀n ฀ ฀   ฀ ฀ 
฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀t฀h฀a฀t ฀i฀n฀f฀l฀u฀e฀n฀c฀e ฀b฀o฀t฀h ฀A฀O฀C฀S ฀a฀n฀d ฀P฀O฀W฀E฀R ฀a฀n฀d฀ ฀ ฀     ฀ 
฀s฀i฀x ฀t฀h฀a฀t ฀i฀n฀f฀l฀u฀e฀n฀c฀e ฀T฀T฀C ฀a฀n฀d ฀P฀O฀W฀E฀R฀. ฀T฀h฀i฀s ฀s฀e฀p฀a฀r฀a฀t฀i฀o฀n   ฀  ฀ ฀ ฀ 
฀a฀l฀l฀o฀w฀s ฀t฀o ฀a฀p฀p฀l฀y ฀t฀h฀e ฀d฀e฀c฀o฀m฀p฀o฀s฀i฀t฀i฀o฀n ฀m฀e฀t฀h฀o฀d ฀f฀o฀r ฀t฀h฀e ฀b฀e฀l฀i฀e฀f฀    ฀ ฀ ฀  ฀ 
฀r฀e฀c฀o฀n฀s฀t฀r฀u฀c฀t฀i฀o฀n฀. 
 
T฀w ฀a p p฀r฀o฀a c h฀e฀s฀, e฀x฀p฀l฀a฀i฀n฀e฀d i n ฀t฀h฀e ฀n฀e฀x฀t ฀s฀e฀c฀t฀i฀o฀n฀s฀, ฀h฀a฀v฀e฀ ฀  ฀ ฀    
b e e n฀ ฀u฀s฀e฀d  ฀t฀o  ฀m o d฀e l  ฀t฀h฀e฀ ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀y฀s฀t฀e฀m฀.฀ ฀ 
฀ 
฀ 
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฀O฀B฀J฀E฀C฀T฀I฀V฀E฀ ฀F฀U฀N฀C฀T฀I฀O฀N฀:฀ 
฀W฀i฀t฀h ฀r฀e฀g฀a฀r฀d ฀t฀o ฀e฀q฀u฀a฀t฀i฀o฀n ฀[฀1 2฀] ฀d฀e฀p฀e฀n฀d฀s o฀n฀l฀y ฀o฀n฀   ฀  UL฀     ฀ ฀d฀e฀s฀i฀g฀n ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀w฀h฀i฀l฀e ฀t฀h฀e ฀m฀a฀s฀sP ฀d฀e฀p฀e฀n d s ฀o฀n b o฀t฀h ฀ ฀  ฀ ฀ ฀ ฀ ฀ 
฀d฀e฀s฀i฀g฀n฀ ฀a฀n฀d฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀.฀ 
฀W฀e฀i฀b฀u฀l฀l ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀s ฀a฀r฀e ฀u฀s฀e฀d ฀t฀o ฀m฀o฀d฀e฀l ฀f฀a฀i฀l฀u฀r฀e ฀o฀f ฀a฀l฀l ฀t฀h฀e฀ ฀ ฀  ฀ ฀ ฀ ฀ ฀  
฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀w฀h฀e฀r฀e ฀t฀h฀e ฀s฀h฀a฀p฀e ฀a฀n฀d ฀s฀c฀a฀l฀e ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀a฀r฀e฀  ฀   ฀ ฀ ฀ 
฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀e฀p฀i฀s฀t฀e฀m฀i฀c฀ ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀ ฀[฀8฀]฀.฀ 
฀T฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀i฀n ฀t฀h฀e ฀P฀O฀W฀E฀R ฀s฀y฀s฀t฀e฀m ฀c฀a฀n ฀o฀c฀c฀u฀r ฀i฀n ฀t฀h฀e    ฀ ฀ ฀ ฀ ฀ ฀ 
฀b฀a฀t฀t฀e฀r฀y ฀c฀e฀l฀l฀s ฀o฀r ฀i฀n ฀t฀h฀e ฀s฀o฀l฀a฀r ฀p฀a฀n฀e฀l ฀c฀e฀l฀l฀s฀; t฀h e f a i฀l฀u฀r฀e ฀r฀a฀t฀e ฀i฀s฀  ฀  ฀  ฀    ฀  
฀t฀h฀e฀n ฀u฀s฀e฀d ฀t฀o ฀m฀o฀d฀i฀f฀y ฀t฀h฀e ฀n฀u฀m฀b฀e฀r ฀a฀n฀d ฀t฀y฀p฀e ฀o฀f ฀c฀e฀l฀l฀s ฀o฀f ฀t฀h฀e฀ ฀      ฀ ฀ ฀   
฀s฀o฀l฀a฀r฀ ฀p฀a฀n฀e฀l฀s฀ ฀a฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀b฀a฀t฀t฀e฀r฀i฀e฀s฀.฀ ฀ 
฀F฀a฀i฀l฀u฀r฀e ฀i฀n ฀t฀h฀e ฀T฀T฀C ฀a฀n฀d ฀A฀O฀C฀S฀, ฀i฀n฀s฀t฀e฀a฀d฀, ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀s ฀t฀h฀e฀   ฀ ฀   ฀  
฀p฀o฀w฀e฀r ฀t฀h฀a฀t ฀t฀h฀e ฀t฀w฀o ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀r฀e฀q฀u฀i฀r฀e ฀f฀r฀o฀m ฀t฀h฀e ฀  ฀ ฀ ฀  ฀ 
฀P฀O฀W฀E฀R฀ ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀.฀ ฀ 
T฀h e ฀v฀a r i a t i o฀n o f ฀t฀h e s e ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s ฀i฀n฀d฀u฀c฀e฀s ฀a ฀c฀h฀a฀n฀g฀e ฀o฀f ฀  ฀   ฀  ฀ 
฀t฀h฀e ฀m฀a฀s฀s ฀a฀n฀d ฀s฀i฀z฀e ฀o฀f ฀t฀h฀e ฀c฀o฀m฀p฀o฀n฀e฀n฀t ฀a฀n฀d ฀a฀s ฀a ฀r฀e฀s฀u฀l฀t ฀t฀h฀e ฀ ฀  ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ 
฀c฀h฀a฀n฀g฀e ฀o฀f ฀t฀h฀e ฀b฀a฀r฀y฀c฀e฀n฀t฀r฀e ฀a฀n฀d ฀m฀o฀m฀e฀n฀t ฀o฀f ฀i฀n฀e฀r฀t฀i฀a ฀o฀f ฀t฀h฀e฀  ฀ ฀ ฀    ฀  
฀w฀h฀o฀l฀e฀ ฀s฀y฀s฀t฀e฀m฀.฀ 
฀ 
฀C฀O฀N฀S฀T฀R฀A฀I฀N฀T฀:฀ 
฀T฀h฀e฀r฀e ฀i฀s ฀o฀n฀l฀y ฀a ฀g฀e฀o฀m฀e฀t฀r฀i฀c ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀: ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀,฀ ฀ ฀ ฀ ฀ ฀ ฀  
฀m฀o฀d฀e฀l฀l฀e฀d ฀a฀s ฀b฀o฀x฀e฀s฀, ฀c฀a฀n ฀n฀e฀i฀t฀h฀e฀r ฀i฀n฀t฀e฀r฀s฀e฀c฀t ฀e฀a฀c฀h ฀o฀t฀h฀e฀r ฀n฀o฀r฀ ฀ ฀ ฀  ฀  ฀ ฀ 
฀t฀h฀e฀ ฀s฀p฀a฀c฀e฀c฀r฀a฀f฀t฀ ฀b฀o฀d฀y฀.฀ 
฀ 
b
b฀ 
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฀O฀B฀J฀E฀C฀T฀I฀V฀E฀ ฀F฀U฀N฀C฀T฀I฀O฀N฀:฀ ฀ 
฀T฀h฀e ฀s฀a฀m฀e ฀f฀u฀n฀c฀t฀i฀o฀n฀s ฀a฀s ฀t฀h฀e ฀p฀r฀e฀v฀i฀o฀u฀s ฀o฀n฀e฀s ฀a฀r฀e ฀h฀e฀r฀e ฀u฀s฀e฀d ฀  ฀ ฀ ฀ ฀  ฀ ฀ 
฀t฀o ฀m฀o฀d฀e฀l ฀t฀h฀e ฀m฀a฀s฀s ฀a฀n฀d ฀t฀h฀e ฀v฀o฀l฀u฀m฀e ฀o฀f ฀t฀h฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s฀,฀   ฀ ฀    ฀  
฀b฀u฀t ฀t฀h฀e ฀f฀a฀i฀l฀u฀r฀e ฀o฀f ฀t฀h฀e ฀c฀o฀m฀p฀o฀n฀e฀n฀t฀s ฀d฀o฀e฀s ฀n฀o฀t ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀, ฀ ฀ ฀ ฀ ฀ ฀   
฀h฀e฀r฀e฀,฀ ฀t฀h฀e฀ ฀o฀b฀j฀e฀c฀t฀i฀v฀e฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀:฀ ฀i฀t฀ ฀i฀s฀ ฀a฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀.฀ 
฀ 
฀C฀O฀N฀S฀T฀R฀A฀I฀N฀T฀:฀ 
฀T฀w฀o ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀s ฀a฀r฀e ฀h฀e฀r฀e ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀: ฀a ฀g฀e฀o฀m฀e฀t฀r฀i฀c ฀o฀n฀e฀,฀ ฀  ฀ ฀    
฀a฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀,฀ ฀a฀n฀d฀ ฀a฀ ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀c฀o฀n฀s฀t฀r฀a฀i฀n฀t฀:฀ 
฀ 
฀(W฀,G฀,X฀)฀ ฀0฀.฀9฀55 ฀  ฀> ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀ ฀(฀1฀4฀)฀ 
฀ 
฀ 
 5(68/76
7KH DOJRULWKP GHVFULEHG LQ VHFWLRQ  KDV EHHQ DSSOLHG WRb b b b b b b b b b
WKH FRQVLGHUHG SUREOHP LQ RUGHU WR ILQG WKH ZRUVWFDVHb b b b b b b b b
VFHQDULRWKHSDUDPHWHUVKDYHEHHQVHWDVIROORZb
Ɣ  IXQFWLRQ HYDOXDWLRQ IRU WKH ZKROHb b b b b b
PLQPD[DOJRULWKPb
Ɣ IXQFWLRQHYDOXDWLRQIRUWKHLQQHUORRSb
Ɣ IXQFWLRQHYDOXDWLRQIRUWKHRXWHUORRSb
7KHQ WKH GHFRPSRVLWLRQ DSSURDFK KDV EHHQ DSSOLHG WRb b b b b b b b
UHFRQVWUXFW WKH EHOLHI FXUYH ZLWK  IXQFWLRQb b b b b b b
HYDOXDWLRQIRUHDFKPD[LPLVDWLRQb
b
)LJXUH  DQG )LJXUH  VKRZ WKH UHVXOWV REWDLQHG ZLWK WKHb b b b b b b b b b b
ILUVW DSSURDFK VHFWLRQ  DQG VHFRQG DSSURDFKb b b b b b b
VHFWLRQ  UHVSHFWLYHO\ 7KH EHOLHI EOXH DQGb b b b b b b
SODXVLELOLW\ JUHHQ FXUYHV DUH HYDOXDWHG ZLWK WKHb b b b b b b
'HFRPSRVLWLRQ DSSURDFK WKH PLQPD[ EHOLHI HTXDO WRb b b b b b b
RQH WKH PLQPLQ VROXWLRQ SODXVLELOLW\ HTXDO WR ]HURb b b b b b b b
DUH HYDOXDWHG ZLWK WKH FRQVWUDLQHG DSSURDFK GHVFULEHGb b b b b b b
LQ VHFWLRQ  )LQDOO\ WKHUH LV D FRPSDULVRQ ZLWK WKHb b b b b b b b b b
FODVVLFDO PDUJLQ DSSURDFK 7KH ILUVW DSSURDFK LV PRUHb b b b b b b b
UHVWULFWLYH DQG EULQJV WR D KLJKHU YDOXH IRU WKH REMHFWLYHb b b b b b b b b b
IXQFWLRQb
b
,Q )LJXUH  WKH QRPLQDO VROXWLRQ EODFN OLQH KDV ]HURb b b b b b b b b b
EHOLHI WR RFFXU ZKLOH WKH PDUJLQ ZRXOG EULQJ WR D UREXVWb b b b b b b b b b b
VROXWLRQ EXW ZLWK DQ REMHFWLYH IXQFWLRQ ELJJHU WKDQ WKHb b b b b b b b b
QHFHVVDU\  PDUJLQV KDYH EHHQ DSSOLHG WR WKHb b b b b b b b
VXEV\VWHPVWKHH[FKDQJHIXQFWLRQVDQGWKHILQDOUHVXOWbb
,Q )LJXUH  WKDW VKRZV WKH UHVXOWV IRU D GLIIHUHQW GHVLJQb b b b b b b b b b b
YHFWRU  PDUJLQV UHG DQG  PDUJLQV SXUSOHb b b b b b b b
DUHQRWHQRXJKWRFRYHUWKHXQH[SHFWHGXQFHUWDLQW\bb
(10 LQVWHDG DOORZV WR GR D ULJRURXV DQDO\VLV RI WKHb b b b b b b b b b
XQFHUWDLQW\DVVRFLDWHGWRWKHPDVVRIWKHVSDFHFUDIWb
b
)RU PRUH GHWDLOV DERXW WKH FRQYHUJHQFH RI WKH PHWKRGb b b b b b b b b
SOHDVHUHIHUWR>@DQG>@b
b

)LJXUH%HOLHIQRPLQDOVROXWLRQDQGPDUJLQIRUWKH
ILUVWDSSURDFKGHVFULEHGLQSDUDJUDSK

 &21&/86,216
,Q WKLV SDSHU ZH GHVFULEHG D QHZ DSSURDFK WR GR GHVLJQb b b b b b b b b b b
IRU UHVLOLHQFH E\ WDNLQJ LQWR DFFRXQW ERWK UREXVWQHVV DQGb b b b b b b b b
UHOLDELOLW\ 7KH PHWKRG LV WKH (YLGHQFH 1HWZRUN 0RGHOb b b b b b b b
WKDW LV DEOH WR PRGHO FRPSOH[ V\VWHPV YDU\LQJ LQ WLPHb b b b b b b b b b
DQG DIIHFWHG E\ HSLVWHPLF XQFHUWDLQW\ 7KH DSSURDFKb b b b b b b
KDV EHHQ YDOLGDWHG ZLWK D UHDOLVWLF WHVW FDVH UHJDUGLQJb b b b b b b b b
WKH ฀r฀e฀s฀o฀u฀r฀c฀e ฀a฀l฀l฀o฀c฀a฀t฀i฀o฀n ฀p฀r฀o฀b฀l฀e฀m ฀i฀n ฀a ฀s฀p฀a฀c฀e฀c฀r฀a฀f฀t ฀a฀n฀db  ฀  ฀   ฀ 
฀f฀i฀n฀a฀l฀l฀y฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀c฀l฀a฀s฀s฀i฀c฀a฀l฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀o฀f฀ ฀m฀a฀r฀g฀i฀n฀s฀.
b
)LJXUH%HOLHIQRPLQDOVROXWLRQDQGPDUJLQIRUWKH
VHFRQGDSSURDFKGHVFULEHGLQSDUDJUDSKb
฀ 
 5()(5(1&(6
฀[฀1฀] ฀F฀i฀l฀i฀p฀p฀i฀, ฀G฀.฀, ฀O฀r฀t฀e฀g฀a฀, ฀C฀.฀, ฀R฀i฀c฀c฀a฀r฀d฀i฀, ฀A฀.฀, ฀& ฀V฀a฀s฀i฀l฀e฀, ฀M฀.  ฀  ฀  ฀  ฀ ฀ 
฀(฀2฀0฀1฀7฀)฀. ฀T฀e฀c฀h฀n฀i฀c฀a฀l ฀E฀S฀A ฀R฀e฀p฀o฀r฀t฀, ฀R฀o฀b฀u฀s฀t ฀D฀e฀s฀i฀g฀n฀ ฀ ฀ ฀ ฀  
฀U฀s฀e฀-฀C฀a฀s฀e฀s฀,฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀T฀N฀-฀R฀D฀O฀-฀U฀C฀-฀C฀D฀F฀-฀v฀1฀.฀ 
฀[฀2฀] ฀Y฀a฀o฀, ฀W฀.฀, ฀C฀h฀e฀n฀, ฀X฀.฀, ฀L฀u฀o฀, ฀W฀.฀, ฀v฀a฀n ฀T฀o฀o฀r฀e฀n฀, ฀M฀.฀, ฀& ฀ ฀ ฀ ฀   ฀   ฀ 
฀G฀u฀o฀, ฀J฀. ฀(฀2฀0฀1฀1฀)฀. ฀R฀e฀v฀i฀e฀w ฀o฀f ฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀-฀b฀a฀s฀e฀d฀ ฀   ฀ ฀ 
฀m฀u฀l฀t฀i฀d฀i฀s฀c฀i฀p฀l฀i฀n฀a฀r฀y ฀d฀e฀s฀i฀g฀n ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n ฀m฀e฀t฀h฀o฀d฀s ฀f฀o฀r฀ ฀  ฀  
฀a฀e฀r฀o฀s฀p฀a฀c฀e ฀v฀e฀h฀i฀c฀l฀e฀s฀.3URJUHVV LQ $HURVSDFH 6FLHQFHV฀,฀ ฀     
b
b฀(฀6฀)฀,฀ ฀4฀5฀0฀-฀4฀7฀9฀.฀ 
฀[฀3฀] ฀S฀h฀a฀f฀e฀r฀, ฀G฀. ฀(฀1฀9฀7฀6฀)฀.$ PDWKHPDWLFDO WKHRU\ RI   ฀    
HYLGHQFH฀ ฀(฀V฀o฀l฀.฀ ฀4฀2฀)฀.฀ ฀P฀r฀i฀n฀c฀e฀t฀o฀n฀ ฀u฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀p฀r฀e฀s฀s฀.฀ 
฀[฀4฀] ฀A฀l฀i฀c฀i฀n฀o฀, ฀S฀.฀, ฀& ฀V฀a฀s฀i฀l฀e฀, ฀M฀. ฀(฀2฀0฀1฀4฀)฀. ฀E฀v฀i฀d฀e฀n฀c฀e฀-฀b฀a฀s฀e฀d  ฀    ฀ ฀ 
฀p฀r฀e฀l฀i฀m฀i฀n฀a฀r฀y ฀d฀e฀s฀i฀g฀n ฀o฀f ฀s฀p฀a฀c฀e฀c฀r฀a฀f฀t฀. ฀I฀nWK ,QWHUQDWLRQDO      
&RQIHUHQFH RQ 6\VWHPV 	 &RQFXUUHQW (QJLQHHULQJ IRU      
6SDFH$SSOLFDWLRQV6(&(6$฀.฀ 
฀[฀5฀] ฀C฀r฀o฀i฀s฀a฀r฀d฀, ฀N฀.฀, ฀V฀a฀s฀i฀l฀e฀, ฀M฀.฀, ฀K฀e฀m฀b฀l฀e฀, ฀S฀.฀, ฀& ฀R฀a฀d฀i฀c฀e฀, ฀G฀. ฀ ฀   ฀  ฀  ฀ 
฀(฀2฀0฀1฀0฀)฀. ฀P฀r฀e฀l฀i฀m฀i฀n฀a฀r฀y ฀s฀p฀a฀c฀e ฀m฀i฀s฀s฀i฀o฀n ฀d฀e฀s฀i฀g฀n ฀u฀n฀d฀e฀r฀  ฀ ฀ ฀ ฀ 
฀u฀n฀c฀e฀r฀t฀a฀i฀n฀t฀y฀.฀ $FWD$VWURQDXWLFD฀,  ฀(฀5฀-฀6฀)฀,฀ ฀6฀5฀4฀-฀6฀6฀4฀.฀ 
฀[฀6฀] ฀V฀a฀s฀i฀l฀e฀, ฀M฀.฀, ฀F฀i฀l฀i฀p฀p฀i฀, ฀G฀.฀, ฀O฀r฀t฀e฀g฀a ฀A฀b฀s฀i฀l฀, ฀C฀.฀, ฀& ฀R฀i฀c฀c฀a฀r฀d฀i฀,   ฀ ฀   ฀ ฀  
฀A฀. ฀(฀2฀0฀1฀7฀)฀. ฀F฀a฀s฀t ฀b฀e฀l฀i฀e฀f ฀e฀s฀t฀i฀m฀a฀t฀i฀o฀n ฀i฀n ฀e฀v฀i฀d฀e฀n฀c฀e ฀n฀e฀t฀w฀o฀r฀k฀     ฀ ฀  
฀m฀o฀d฀e฀l฀s฀.฀ (852*(1฀,฀ ฀1฀-฀1฀3฀.฀ 
฀[฀7฀] ฀F฀i฀l฀i฀p฀p฀i฀, ฀G฀.฀, ฀V฀a฀s฀i฀l฀e฀, ฀M฀.฀, ฀M฀a฀r฀c฀h฀i฀, ฀M฀.฀, ฀& ฀V฀e฀r฀c฀e฀s฀i฀, ฀P฀.  ฀ ฀ ฀ ฀  ฀  ฀ 
฀(฀2฀0฀1฀8฀)฀. ฀E฀v฀i฀d฀e฀n฀c฀e฀-฀b฀a฀s฀e฀d ฀r฀o฀b฀u฀s฀t ฀o฀p฀t฀i฀m฀i฀s฀a฀t฀i฀o฀n ฀o฀f ฀s฀p฀a฀c฀e฀ ฀ ฀ ฀ ฀  
฀s฀y฀s฀t฀e฀m฀s฀ ฀w฀i฀t฀h฀ ฀e฀v฀i฀d฀e฀n฀c฀e฀ ฀n฀e฀t฀w฀o฀r฀k฀ ฀m฀o฀d฀e฀l฀s฀.฀ 
฀[฀8฀] ฀C฀a฀s฀t฀e฀t฀, ฀J฀. ฀F฀.฀, ฀& ฀S฀a฀l฀e฀h฀, ฀J฀. ฀H฀. ฀(฀2฀0฀0฀9฀)฀. ฀S฀a฀t฀e฀l฀l฀i฀t฀e  ฀ ฀ ฀   ฀  ฀ 
฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀: ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l ฀d฀a฀t฀a ฀a฀n฀a฀l฀y฀s฀i฀s ฀a฀n฀d ฀m฀o฀d฀e฀l฀i฀n฀g฀.฀ ฀ ฀  ฀ ฀ 
-RXUQDORI6SDFHFUDIWDQG5RFNHWV฀,฀ ฀(฀5฀)฀,฀ ฀1฀0฀6฀5฀-฀1฀0฀7฀6฀.฀ 
฀[฀9฀] ฀C฀a฀s฀t฀e฀t฀, ฀J฀. ฀F฀.฀, ฀& ฀S฀a฀l฀e฀h฀, ฀J฀. ฀H฀. ฀(฀2฀0฀0฀9฀)฀. ฀S฀a฀t฀e฀l฀l฀i฀t฀e ฀a฀n฀d  ฀ ฀   ฀  ฀ ฀ ฀ 
฀s฀a฀t฀e฀l฀l฀i฀t฀e ฀s฀u฀b฀s฀y฀s฀t฀e฀m฀s ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀: ฀S฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l ฀d฀a฀t฀a ฀a฀n฀a฀l฀y฀s฀i฀s฀   ฀ ฀  
฀a฀n฀d ฀m฀o฀d฀e฀l฀i฀n฀g฀.5HOLDELOLW\ (QJLQHHULQJ 	 6\VWHP 6DIHW\฀, ฀      
฀(฀1฀1฀)฀,฀ ฀1฀7฀1฀8฀-฀1฀7฀2฀8฀.฀ 
฀[฀1฀0฀] ฀K฀a฀p฀l฀a฀n฀, ฀E฀. ฀L฀.฀, ฀& ฀M฀e฀i฀e฀r฀, ฀P฀. ฀(฀1฀9฀5฀8฀)฀. ฀N฀o฀n฀p฀a฀r฀a฀m฀e฀t฀r฀i฀c฀ ฀   ฀ ฀ ฀ ฀  
฀e฀s฀t฀i฀m฀a฀t฀i฀o฀n ฀f฀r฀o฀m ฀i฀n฀c฀o฀m฀p฀l฀e฀t฀e ฀o฀b฀s฀e฀r฀v฀a฀t฀i฀o฀n฀s฀.-RXUQDO RI WKH฀  ฀ ฀   
$PHULFDQVWDWLVWLFDODVVRFLDWLRQ฀,฀ ฀(฀2฀8฀2฀)฀,฀ ฀4฀5฀7฀-฀4฀8฀1฀.฀ 
฀[฀1฀1฀] ฀G฀u฀o฀, ฀J฀.฀, ฀M฀o฀n฀a฀s฀, ฀L฀.฀, ฀& ฀G฀i฀l฀l฀, ฀E฀. ฀(฀2฀0฀1฀4฀)฀. ฀S฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀ ฀  ฀ ฀ ฀  ฀ ฀  
฀a฀n฀a฀l฀y฀s฀i฀s ฀a฀n฀d ฀m฀o฀d฀e฀l฀l฀i฀n฀g ฀o฀f ฀s฀m฀a฀l฀l ฀s฀a฀t฀e฀l฀l฀i฀t฀e ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀.$FWD฀ ฀  ฀ ฀   
$VWURQDXWLFD฀,฀ ฀,฀ ฀9฀7฀-฀1฀1฀0฀.฀ 
฀[฀1฀2฀] ฀L฀a฀n฀g฀e฀r฀, ฀M฀.฀, ฀& ฀B฀o฀u฀w฀m฀e฀e฀s฀t฀e฀r฀, ฀J฀. ฀(฀2฀0฀1฀6฀)฀. ฀R฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀ ฀  ฀ ฀   
฀o฀f ฀C฀u฀b฀e฀S฀a฀t฀s฀-฀S฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l ฀D฀a฀t฀a฀, ฀D฀e฀v฀e฀l฀o฀p฀e฀r฀s฀' ฀B฀e฀l฀i฀e฀f฀s ฀a฀n฀d฀ ฀ ฀  ฀ ฀ 
฀t฀h฀e ฀W฀a฀y ฀F฀o฀r฀w฀a฀r฀d฀,$,$$868 &RQIHUHQFH RQ 6PDOO ฀ ฀    
6DWHOOLWHV฀.฀ 
฀[฀1฀3฀] ฀D฀i ฀C฀a฀r฀l฀o฀, ฀M฀.฀, ฀V฀a฀s฀i฀l฀e฀, ฀M฀.฀, ฀& ฀M฀i฀n฀i฀s฀c฀i฀, ฀E฀. ฀(฀2฀0฀1฀5฀)฀.฀  ฀ ฀  ฀ ฀ ฀ ฀ ฀ 
฀M฀u฀l฀t฀i฀-฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n ฀i฀n฀f฀l฀a฀t฀i฀o฀n฀a฀r฀y ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀i฀a฀l ฀e฀v฀o฀l฀u฀t฀i฀o฀n฀  ฀  
฀a฀l฀g฀o฀r฀i฀t฀h฀m ฀w฀i฀t฀h ฀A฀d฀a฀p฀t฀i฀v฀e ฀L฀o฀c฀a฀l ฀R฀e฀s฀t฀a฀r฀t฀. ฀I฀n(YROXWLRQDU\฀  ฀   ฀ 
&RPSXWDWLRQ &(&  ,((( &RQJUHVV RQ ฀(฀p฀p฀.     ฀  
฀6฀3฀2฀-฀6฀3฀9฀)฀.฀ ฀I฀E฀E฀E฀.฀ 
฀[฀1฀4฀] ฀V฀a฀s฀i฀l฀e฀, ฀M฀. ฀(฀2฀0฀1฀4฀)฀. ฀O฀n ฀t฀h฀e ฀s฀o฀l฀u฀t฀i฀o฀n ฀o฀f ฀m฀i฀n฀-฀m฀a฀x฀ ฀   ฀  ฀ ฀ ฀ 
฀p฀r฀o฀b฀l฀e฀m฀s ฀i฀n ฀r฀o฀b฀u฀s฀t ฀o฀p฀t฀i฀m฀i฀z฀a฀t฀i฀o฀n฀. ฀I฀n7KH (92/9(  ฀ ฀ ฀ ฀   
,QWHUQDWLRQDO &RQIHUHQFH $ %ULGJH EHWZHHQ    
3UREDELOLW\ 6HW 2ULHQWHG 1XPHULFV DQG (YROXWLRQDU\     
&RPSXWLQJ฀.฀ 
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